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GENERAL PREFACE 


The rapid development of Applied Chemistry in recent years 
has brought about a revolution in all branches of technology, 
v Qjhis growth has been accelerated during the war, and the 
British Empire has now an opportunity of increasing its 
industrial output by the application of this knowledge to the 
raw materials available in the different parts of the world. 
The subject in this series of handbooks will be treated from 
the'fflemical rather than the engineering standpoint. The 
industrial aspect will also be more prominent tiffin that of 
the laboratory. Each volume will be complete in itself, and 
will give a gene%al survey of the industry, showing how 
chemical principles have been applied and have affected 
manufacture. The* influence of new inventions on the 
development pf the industry will be shown, as al^p the 
effect of industrial requirements in stimulating inventipn. 
Historical notes will be a feature in dealing with the. 
different branches of the subject, but they will be kept* 
within moderate limits. Present tendencies and possible 
future developments will have attention, and some spac* 
will be devoted to a comparison of industrial methods and 
progress in the chief producing countries. There wjh be a 
general bibliography, and also a select bibliography to follow* 
each section. vStatistical information will only be introduced 
in so far as it serves to illustrate the line of argument. 

Each book will be divided into section instead of 
chapters, and the sections \$11 deal with separate branches 
of the subject in the manner of a special article or mono- 
graph. An attempt will, in fact, be made to get awgjj from 
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the orinoaox t iextlJook mLhner, not only to make the treat- 
ment original, but also' to appeal to the very large class 
readers already possessing good textbooks, of which there 
are quite sufficient. The books should also .be found useful 
by men of affairs having no special technical knowledge, but 
who may ( require from time to time^to refer to technical'* 
matters irt a book of Moderate compass, •with references to 
the large standard works for fuller details on special points 
if required. 

To the advanced student the books should be especially 
valuable. His mind is often crammed with the hard facts 
and details of his subject which crowd out the power of 
realizing the industry as a whole. These books are intendicL 
to remedy such a state of affairs. While recapitulating the 
essential basic facts, they will aim at presenting the reality 
of the living industry. It has long been a drawback of our 
technical education that the college graduate, on commencing 
his industrial career, is positively handicapped Ifp his 
academic ‘knowledge because of his lack of information on 
current industrial conditions. A book giving a compre- 
hensive survey of the industry can be, of very material 
assistance to the student as ah adjunct to his ordinary text- 
books, and this is one of the chief objects of the present 
series Those actually engaged in the industry ydio have 
specialized in rather narrow limits will probably find these 
. books more readable than the larger textbooks when they 
, wish to refresh their memories in regard to branches of the 
subject with which they are not immediately concerned. 

• The volume will also serve as a guide to the standard 
literature of the subject, and prove of value to the con- 
sultant so that, having obtained a comprehensive view gf 
*the whole industry, he can go at once to the proper 
authorities for more elaborate information on special points, 
and thus save a couple of days spent in hunting through the 
libraries of scientific societies. 

As far as this country. is concerned, it is believed that 
the general* scheme of this series of handbooks is unique, 
and it is confidently hoped that it will supply mental 
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munitions for the coming industrial \far. ' I havf Bfeen 
fortunate iif securing writers for the^different Vcflumes Tjho 
are specially connected with the several departments of 
Industrial Chemistry, and trust that the* whole series will 
contribute to the further development* of applied chemistry 
throughout the Empke. 


Samuel mdeAe. ' 
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Chemists and engineers who are interested in the alkali 
industry are fortunate in having at hand such a treatise 
asithe classical work of Lunge, on “ Sulphuric Acid and 
Alkali/' This book, which contains a detailed account of 
the industry, is a mine of information, and makes detailed 
references to the older literature superfluous. It is directed, 
however, chiefly to the engineering and technical side of 
the sUbject, and is also by leason of its size hardly suitable 
for students wishing to obtain a bird's-eye view of tfie subject, 
especially in its rejations to pure science. A really scientific 
interpretation of the various processes used on a large scale 
is not in fact very prominent in the larger treatises. • The 
chief points which the author of the present work has kept 
in view flave therefore been to give a concise and connected 
sketch of the whole subject, and always if possible to give 
some explanation for the mode of procedure adopted in • 
each case. r In this way it is hoped that the book may be* 
regarded as an introduction to, and also as supplementing, 
the larger and more technical treatises, and that it may also 
be of some interest to the technical expert who wishes to 
keep in touch with the recent applications of pifre science # 
to the industry. It should also be useful to teachers t of 
Chemistry. 

It is true that our knowledge on various fundamental 
questions is still very imperfect, but this has resulted largely 
from the fact that the need f(Jr su£h information tas not been 
altogether clearly perceived by the technologists, -who have 
therefore failed to enlist the interest of workers *fh the 
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scientific laboratories. Chere is also some truth in the 
sujmise that some of the oroblems which are* proposed To 
chemists by practical^men resemble the famous one pro- 
pounded by the amateur scientist Charles II : “ Why does 
a dead goldfish wheu put into a bowl of water cause* the 
water tojrun over, whilst a live goldfish does not ? ” Some 
technical* recipes doubtless contain elements of unverified 
difficulty. In other cases the complete elucidation of the 
problem requires more data than we at present possess — a 
striking instance is the chemistry of the Weldon chlorine 
process. The necessary data are partly purely chemical 
and partly measurements of the changes of available energy 
in the processes, which latter have the significance formerly, 
and even still erroneously, attributed to the heats of re- 
action. 

It was therefore necessary to give an extremely brief 
account of the modern thermodynamic measurement of 
affinity, and to illustrate its application in one two 
instances* There is a rich field open for experimental work 
in this direction. 

Of more importance than the explanation of the known 
is thf creation of new knowledge, especially as the working 
conditions essential to the success of a*process have usually 
to b^ determined in each case de novo. In this Jfranch of 
technical research the law of mass action and the principles 
of thermodynamics have played a prominent part, and the 
Treatment has therefore included these two branches of 
physical chemistry. This branch of modern chemistry has 
Hot in this country received the attention it merits and enjoys 
in lands, where chemical industry is making more progress 
than ^as formerly the case here. 

The author has endeavoured to follow the excellent 
general scheme of the series laid out by the Editor in his 
introductory remarks. Special attention has been paid to 
the resources and needs of th^ British Empire, and possible 
future independence of German supplies (e.g. in the potash 
industry). Particular attention has been given to modern 
processes of Nitrogen •Fixation, as far as t^ey concern the 
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present volume. Questions of cost s, and statistics - 
bteen emphasized , the experts on this side are rarely 
ment, and the figures as given are, usually unrtdi.. 
any case they will no doubt be considerably modifi- 
# course of a year or two. v Such liguus as are give 
dally in connection tfuth Nitrogen Fixation, are bd 
be reliable. 

The diagrams have been drawn by Mr. G. J. 
A.R.C.Se.I., and the author has great pleasure in rec< 
his valuable assistance. 

The references to the literature do not aim at comp! 

It appeared preferable to make a careful selection e 
cStions which themselves contain complete ref ere 1 
earlier literature, and thus save much space. All rei 
have been verified, and placed at the end of each 
where they are not an annoyance to the reader. It i 
that this plan may have some advantages over the oir 
appears to be coming more into use, of scattering numerous 
references, mostly unverified, throughout the text itself. 

The author would value criticism, or additional in- 
formation from tlTose actually engaged in the industry, with’ 
a view to improvement of future editions. 


J. R\ P. 


February , 1918 . 
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ALKALI INDUSTRY 

INTRODUCTION 

The Alkali Industry in Great Britain.— The manu- 
facture of soda, and the allied industries of Sulphuric Acid, 
Chfcrine, and Bleaching Powder, have during the nineteenth 
century acquired an immense importance in the industries 
of Great Britain, the production per head of population 
being still the highest in the world, although the United 
States have recently become the largest nett producers. In 
this reject the peculiar advantages offering themselves in 
Great Britain, by the occurrence of the materials required in 
the industry withii\easy access, make the so-called “ Heavy 
Chemical Industry*' — chiefly sulphuric acid and alkalies — 
of the greatest importance, and this position is likely tfl be 
maintained, if not considerably improved, when the re- 
adjustment necessary after the war has been effected. *The 
case is quite otherwise with the “ Fine Chemical Industry:" 
This, which comprises chemicals in a state of purity, syn- 
thetic drugs* and colours, has largely passed into German 
hands, the first branch notably to firms such as Kahlbaum, 
and Merck, the latter to the immense combines known as 
Friedrich Bayer and Co. and the Anilin und Soda Fabrik. 
There is no industrial or economic reason why such products 
should not be made in Great Britain, because the necessary 
raw materials ( e.g . coal-tar) exist here in abundance. The 
reason why the colour industry, for example, has largely 
passed out of our hands is probably more likely to, be sought 
in the attitude shown in the Country to chemical research 
and scientific chemistry in general duripg the years in which 
Germany has beeg building up her great chemical industry. 

B. I 
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This lftck of encouragepilnt of scientific chemistry has pre- 
vented any effective co-operation of chemists #with maryi- 
facturers, 'without whjch the latter must necessarily fall 
behind their more enlightened competitors, who have at 
their disposal the latett results of modern science. Since the 
vitql importance of chemical industrydias been so drastically 
brought home by the war to manufacturers, and indeed to 
the public at large, it is hoped that some change will follow, 
and the chemical industry of the country put on a more 
secure basis than previously. Unless chemical research 
goes hand-in-hand with the new industry, the complete 
failure of attempts to produce fine chemicals, such as aniline 
dyes, drugs, or pure chemicals, may be awaited with certainty 
from the start. The problems confronting chemical industry 
in this country are less engineering than purely chemical, 
and scientific chemistry of a much higher standard than 
has usually satisfied manufacturers is the only thing which 
can put {he new industry on a firm and enduring b^is. It 
will be a mistake to suppose that a mixture of elementary 
chemistry and engineering will be the necessary equipment 
for the industrial chemists of the future* it is a much more 
extensive knowledge of chemistry which will be the first 
necessity of the technical chemist. c 

The Site of the Alkali Works.-— The posi1,i6n for an 
alkali works is regulated chiefly by the conditions that a 
plentiful supply of raw materials must be available in the 
vicinity, and that facilities for transport exi£t. In other 
( words, the points to be considered are mainly raw materials 
and freights. The raw materials are Coal, Salt, and Time- 
stone, with Pyrites for the Leblanc process, and Ammonia 
for the Ammonia-soda process. 

« The simultaneous occurrence of the three first-named 
materials has fixed the important alkali works in Lancashire, 
Cheshire, and the Tyneside. Whole towns are practically en- 
tirely devpfed to the alkali industry, and the appearance of 
such “ Alkali Towns ” is fatfiiliar in the north of England. 
If we consider Widijies and Northwich as representative of 
the teblanc and Ammonia-soda processes respectively, we 
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have before us typical alkali town^ The rows of chiganlys 
emitting blagk smoke from the unscientific combustion of 
coal, the enormous lead chambers, towers, revolving furnaces, 
waste heaps, with the escaping steam, ?he nowise, and the smell 
of acids, chlorine, and sulphuretted hydrogen, are all familiar. 
These are in marked contrast to such a works as that of 
Cheddes, in the Alps, where watcr-pow%r and elect roly ti(^pf5-‘ 
cesses are used, and one is struck by the elegant buildings, 
clean and almost silent, which are quite unlike the usual alkali 
works. In this country the engineer is confined to the use 
of carbonaceous fuel, but this is often burnt in the most 
inefficient possible way, and the valuable by-products, such 
as Jar and ammonia, are wasted. The use of water-power 
can never become extensive in the British Isles, although 
the utilization of the Falls of Foyers by the British Aluminium 
Company has been successful, and even in America, where 
water-power is abundant, the price is not so low compared 
with fi??4 as it was at first, owing to the inevitable financial 
manipulation of the use of a perfectly free natural source 
of power when once its value has been demonstrated. The 
use of producer-gar> plants, with recovery processes, and 
possibly the gasification of peat, of which immense supplies 
exist in Ireland, together with central power-station schemes, 
may do rrtuch in .future in the way of providing cheap sources 
of power. In many cases the success or otherwise of -a 
process will depend entirely on the possibility of cutting down 
the power costs to a minimum. In any case, one may expect 1 
increasing competition to draw the attention of manu- 
facturers to these problems. Incidentally, it may be # 
mentioned that the Castner-Kellner Alkali Company at 
Runcorn utilize Mond gas-producers in connection* with an 
electric power station to generate the electrical energy 
required for the production of electrolytic alkali, and 
apparently with complete success. 

The railways and inland waterways are of the greatest 
importance in fixing the site of air alkali works, and indeed . 
of a works of any kind. As an instance one may consider 
the supply of ljmestone from Buxton to the Northwich 
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wcAks. by the Midland kailway, and the proximity of the 
gigat Crewe junction of the London and N$rth Western 
line, as well as the facilities for water-borne transport on 
the River Weaver, which communicates with the Manchester 
Ship Canal at Runcorn, and the Mersey at Liverpool. North- 
wich is R in effect an inland port, and has a shipbuilding 
Industry* Similar facilities are found at Fleetwood in 
Lancashire, and on the Tyne. 

The Future of the Alkali Industry.— If we consider 
the main problems and factors which will determine what 
is to be the future of each of the branches of the alkali 
industry, we can probably say that the utilization of the 
Natural Soda deposits of British East Africa depends ch%fly 
on transport and freights ; that of the Leblanc process on 
the cheapness of sulphuric acid and the demand for chlorine 
and bleaching-powder ; whilst the problems confronting the 
Ammonia-soda and Electrolytic processes respectively are 
the utilization of the chlorine lost from the salt a«:aleium 
chloride in the former, and the cheap supply of electrical 
energy in the latter. The energy problem does not mean 
the supply of water-power, as we have already indicated. 

Besides the soda industry, the question of potash supplies 
is one which will demand careful and urgent consideration, 
as thfe complete dependence on Stassfurt which characterized 
pre-war conditions will no longer be tolerable. The United 
States indeed began to investigate this matter some years 
ago, and are apparently on the way to a satisfactory solution ; 
it should be faced in this country without further delay. 
If the schemes of increased agricultural output are ever to 
materialize, the supply of fertilizers, including nitrates and 
potash, fbi both of which we are at present solely dependent 
o& foreign countries, will have to be assured. The problem, 
as usual, comes back to chemistry. 

The Alkalies.— It was not until 1737 that the difference 
between' potash, obtained by^the lixiviation of wood-ashes, 
and soda, .the base Of commoa salt, was pointed out by the 
French chemist Duhamel. This difference was denied by 
PotCbut was finally confirmed by Margraaf, who discovered 
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the flame reactions, and the reaction# with platinic chloride, 
of*the two alkalies. Kunkel (d. 1702) had referred to caustic 
ammonia ; the carbonate had long been known under the 
name of spirit of hartshorn, and was prepared by the 
destructive distillation of bones, horn/etc. 

The true nature of the alkalie^ was however 
elucidated by the classical researches of Joseph Black 
(1752). In his time three alkalies, and a “ mild ” and. 
“ caustic ” form of each, were known : — 

(1) Mild Vegetable Alkali (K 2 C 0 3 ), obtained by lixivi- 
ating wood- ashes. By treatment with lime this 
gave Caustic Vegetable Alkali (KOH) . 

*(2) Mild Marine Alkali (Na 2 C 0 3 ), obtained in Normandy 
by the lixiviation of ashes of seashore plants. 
With lime this gave Caustic Marine Alkali (NaOH). 

(3) Mild Volatile Alkali ((NH 4 ) 2 C 0 3 ), obtained by the 
^ destructive distillation of bones, and giving Caustic 
Volatile Alkali (NH 4 OH) with lime. 

According to the Phlogistic Theory then in vogue, lime- 
stone on burning absorbs phlogiston, </>, from the fire, and this 
phlogiston was regarded as the “ principle of causticity ” : — 

Timestone ><£=Quick — or caustic — lime 
•Mild alkali +<£=Caustic alkali % 

The 4 process of caustification of mild alkalies by lime was 
regarded as a transfer of phlogiston from the lime to the 
alkali # 

(limestone +<£)+mild alkali =Limestone+ (mild alkali*-)-^) • 

Black, however, showed that causticity is dua to the 
loss of “ Fixed Air ” (C 0 2 ), because on heating limestone 
there is a loss of weight, and fixed air is disengaged, If tjie 
quicklime formed is dissolved in water and treated with 
mild alkali, a weight of limestone equal to the original is 
obtained ; it had therefore beep exactly re-fornfed taking 
fixed air from the mild alkali, • leafing the latter caustic : — 

CaC 0 3 =?CaO +C 0 2 
CaO -f H 2 0 +K 2 C 0 3 =CaC 0 3 +2KOH 
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Trie same fixed nil was obtained by the action of acid 
0* mild alkali as by the action of acid on limestone, and the 
solution of limestone «in acid gave the original weight of 
limestone when precipitated with mild alkali : — 

CaC 0 3 + 2HC1 -CaCl 2 +C 0 2 +H 2 0 
K 2 C0 3 + a-HCl - 2 KC 1 +C 0 2 +H 2 0 
CaCl 2 +K 2 C0 3 =CaC0 3 +2KCl 

Up to the time of Davy, the caustic alkalies were regarded 
as elements. In 1807, however, that chemist succeeded in 
decomposing the fused alkalies by means of an electric 
current, producing for the first time the metals potassium 
and sodium by a method now used on a large scale for tfteir 
manufacture. 

Lithium salts were discovered by Arfvcdson in 1817, 
and the metal isolated by Bunsen and Matthiessen in 
l855 - 

The i;are alkalies csesia and rubidia were discovered by 
Bunsen in i860, during a spectroscopic examination of 
certain rare minerals. 

Many substances other than the alkalies proper give 
rea&ions which are regarded as characteristic of alkalinity, 
viz . — 

(f) They have a soapy feel, and a corrosive* action on 
the skin. . 

(2) They restore the colours of various dyes, which are 

changed by acids (litmus, methyl orange, etc.), 
and also give colour reactions of their own (juice 
of violets, turmeric, phenolphthalein, etc.). 

(3) They neutralize the acids to form salts. 

Thus, the alkaline properties are possessed by the so* 
cSlled Alkaline Earths, lime, baryta, and strontia, and in 
a less degree by many other substances in aqueous solution, 
such as sodium carbonate, borax, trisodium phosphate, etc. 
The cause of these alkaline properties has been traced to the 
Hydroxyl ion, OH', and since °the alkalies are elec t roly tically 
dissociated very largely into cations and hydroxyl ions, they 
are the alkalies par excellence. 
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Common Salt ; Sodium Chloride, NaCl. — Sodium 
chloride has been known from the earliest times. It is very 
widely distributed, occurring in small quantities in all the 
primary (i.c. lion-stratified) formations of the crust of the 
earth. From these it has passed by the action of waiter 
to rivers, and thence to the sea. The deposits of salt found 
in many localities have been produced by the evaporation 
of former seas and lakes. 

Rock Salt occurs in many places in Europe, Asia, Africa, 
and America. Thus at Wielicza (Carpathians) tflfEre are 
beds 1200 ft. thick, which have been worked since the 
eleventh century, and the product, as obtained by blasting, 
. is almost pure NaCl. In Cardona, in Spain, there are two 
hills *of rock-salt each a mile in circumference. In Russia 
the richest deposits in the world occuf at Iletzky Zastchit, 
on th® left bank of the Ural, in the province of Orenburg ; 
thejse are 3 sq. km. in area and 140 m. thick. There are 
, also deposits in Astrakhan, the Caucasus, Kars, Ekateri- 
«noslav, and the Trans-Caspian province. In Germany the 
Staussfurt deposits, near Magdeburg, are important, the 
flayers being 3000 ft. thick at a depth of 830 ft. Deposits 
occur in 1,he Alps (c.g. at Salzburg), and there are twenty mines 
in Sicijy. ‘Deposits occur in the Vosges district (Lorraine), 
ne^r Nancy in France, and in China, Africa, Mexico, 
Venezuela, and the United States (New York, Michigan) ; 
in Manitoba and Athabasca in Canada ; in India, where 
there are very pure rock-salt^ hills in the Punjab, and at 
Kohat, and/Mandi. In the British Isles the first deposit 
of rock-salt was discovered at Marbury, near Northwich, 
in Cheshire, in 1670. Many other deposits* were found in 
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this district, the richest being at hforjhwieh and Winffofd. 
Th£ Cheshirei)eds are in the upper Trias formation, probab^ 
identical with the “ Bunter " Sandstone of t Stassfurt. The 
top salt-bed at Northwich is 135-150 ft. below the surface, 
is 75 ft. thick, and is followed by the second bed of 105 ft. 
thickness after an interval of 30 ft. of hard marl k After 
this successive thin beds occur. Deposits also ftccifr in 
Lancashire, near Barrow-in-Furness ; at Droitwich and 
Stoke Prior in Worcestershire ; and in Ireland at Carrick- 
fergus, and near Larne. 

The Cheshire Salt Industry.— The preparation of 
salt from brine springs (as distinguished from rock-salt) was 
cariied on in Cheshire during the Roman occupation of 
Britain, lead pans containing only a few gallons being used. 
With the difference that iron pans holding several thousand 
gallons of brine are now used, the modern process of salt- 
making carried on in Cheshire is almost the same as that of 
the Roiulhis. A shaft of 10 ft. diameter is sunk to the marl, 
and the latter tapped by a bore-hole. If no natural brine 
is found, water is Jet down ; the dense brine formed sinks 
and is pumped frdhi the bottonj through large iron pipes 
to the works. More water flows in, and large cavities # are 
produced, often causing serious subsidences of land in the 
district. *^'he effect of these subsidences may be se£n at 
any time in Northwich, where houses or rows of houses 
often tilt over and are sometimes destroyed. 

The composition of Northwich brine is usually : — 

Sodium chloride 25790 per cent. 

Calcium sulphate .. .. '450 ,, 

Magnesium chloride . . . . *093 , ,• 

Calcium carbonate . . . . '018 „ 

Calcium chloride .. .. .. '044 ,, ,, 

Water 73*605 ,, 

In Germany weaker brines ctften occur, and a preliminary 
concentration by spraying ov£r sfacks of twigs exposed to 
prevailing winds — so-called “ Graduation ” — is sometimes 
used. 
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' The brine is boiled ^own in salt pans, made of boiler- 
pjate riveted together with angle-irons, set up over brick- 
work flut?s and .fired from below with coal. The pans are 
all placed over the same flue, the smaller ones (25 ft. by 
20 ft. by 1 \ ft.) being, nearest the fire. In these the evapora- 
tion is parried 011 rapidly at 107-5° C. 4 , the fine salt separating 
"Being rtfked to the side of the pan by the workman using a 
perforated spade, or “skimmer.” Eveiy 8-12 hours the 
salt is withdrawn, put into moulds of wood and cooled. 
In this way the mother liquors crystallize and bind the 
whole together into lump-salt, the blocks of which are knocked 
out of the moulds. Table salt is produced by grinding 
these, or by draining the separated fine crystals. • To 
prevent deliquescence, due to magnesium chloride, a phos- 
phate may be added (“ Cerebos salt ”). In Germany the 
salt is dried by centrifugals, and placing in a rotating copper 
cylinder lined with cement, through which hot air passes. 
If moist .salt is stacked in heaps exposed to brigln^unlight, 
hypochlorous acid is produced by photochemical action, 
and this would give a peculiar flavour to,the salt. 

Following the small paps ebme those *of intermediate size 
(40*ft. by 25 ft. by i§ ft.), in which the evaporation occurs 
at 6o°-8o° C., with the production of coarser-graided 
manufacturers’ salt, which is taken out every 24-48 hours, 
and shipped or put into railway trucks. 

Fishery Salt is of still coarser grain, and is used in fish 
curing. It is produced by evaporation at 3 % 8°-6o° C. in 
lar^r pans (60 ft. by 25 ft. by 2 ft.), and removed every 
7-14 days. The addition of alum favours the production 
of larger crystals, doubtless by precipitating the colloidal 
substances in the brine, the presence of which favours the 
production of small grains. Conversely, glue and grease 
are sometimes added in small amounts to promote deposition 
of fine-grained salt. This action is similar to the promotion 
of a smooth deposit of me1*al in electro-deposition by the 
addition qf colloids such as glue, and probably is due to the 
formation of a colloid layer over the very small crystals, 
whicE prevents further growth. 
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In the largest pans (135 ft. by 3olt.#by 2 it.) the evafofa- 
tioa is carried out at 40°~50° C., with formation of larg£ 
crystals of Bay salt, usually in the formpf floating “ hoppers/' 
which are removed evciy month. The waste flue gases 
then pass to low chimneys. * 

During evaporation* the calcium carbonate separates 
as a “sand scale," and the calcium sulphate as* a iiard - 
adherent “ pan scale." The pans are therefore cleaned, 
or “ picked," occasionally. 

Multiple-effect Evaporators.— In 1839 John Rey- 
nolds proposed the use of vacuum pans for evaporation of 
brine. At first much tiouble was caused by the deposited 
gypfcum choking the pipes. The brine is now first purified 
by adding milk of lime, followed by ammonium carbonate - 

MgCl 2 + Ca (OH) 2 -,Mg (OH) 2 ppt . +CaCl 2 
CaC 0 3 . C 0 2 -|- CaO — 2CaC0 3 ppt. 

•£aS0 4 + (NH 4 ) 2 C 0 3 -=CaC 0 3 + (NH 4 ) 2 S0 4 
CaClo f (NH 4 ) 2 C 0 3 -CaC 0 3 + 2 NH 4 Cl 

The ammonia it> afterwards lecoveied from the mother- 
liquors by adding lime and distilling. 

The brine so purified is run into closed pans, and*the 
steam generated in the first pan by steam coils or flue gases 
passing th-ougli coils, is carried to coils in the seconcf pan, 
the steam generated in which passes in turn to the third 
pan. With three pans, the system is called a Triple Effect 
Evaporator (Fig. 1), and so on. The vacuum is maintained 
by a pump P communicating with the last pan A 4 , whieh is 
thus under the lowest pressure, and in which evaporation 
occurs at the low temperature of the steam from the previous 
pan A 2 . The piessure increases to the first pan A 3 * and 
the boiling points are progressively higher. A very long 
leg is attached to each pan, so that the vacuum is balanced 
by the column of brine. The salt separating in the pan 
falls down the leg to an open vassel, from which 1^ is elevated 
to a hopper. After draining* in a centrifuge it is 99*8 per 
cent. NaCl. « 

In the proceas of Vis (1898) the CaS 0 4 is precipitated in 
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sr&aH crystals, which*inix with the salt, by adding CaCl 2 to 
the brine. (This precipitation process is an etrample of # the 
law of mass actipn, of f which similar cases are fully considered 



at a later Jstage in connection with caustic soda, and the 
ammonia-soda procesf, pp. 76, 85.) The salt is washed free 
from CaCl 2 by fresh brine, and the washings sent with the 
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brine feed to the evaporators, so thlt Jhe same CaCl 2 c»n*be 
us<$ over an<i over again. 

In ordinary pans I ton of coal slack £15-20 .per cenl. 
ash) will produce 2 tons of salt at the rate of 15-20 tons per 
24 hours. In triple-effect pans the ( same coal produces 
5-6 tons of salt at the* rate of 500-700 tons per 24 hours. 
The chief working cost, viz. fuel, is thus reduced, Auc fhe" 
capital cost of plant is much higher than with the old direct- 
fired pans. Vacuum pans are being used in the Cheshire 
district at Winsford and Middlewich. They are largely 
used at Stassfurt, but of a slightly different type. 

Solar Salt. — Targe quantities of salt are obtained by 
the •evaporation of sea-water, that of the Atlantic and 
Mediterranean containing about 3 per cent. NaCl, together 
with salts of magnesium, potassium, and calcium in smaller 
quantities. The Baltic and Black Seas are poorer in salt, 
whilst the Dead Sea contains 8 per cent., and the Great 
Salt Ta^of Utah 20 per cent. NaCl. 

In sunny climates the solar heat is used to e v vaporate 
sea-water. Thus there are 25 works at the mouth of the 
Rhone and in the Giraud district, and several in Italy and 
Sicily, where over 200,000 tons are produced annually. 
Deposits of salt in various parts of the world show evidence 
of deposition from natural inland lakes. In Franca and 
Italy solar salt is prepared by puddling a space of flat ground 
on the coast with clay and dividing it up into flat and very 
large basins* called salt meadows. The sea-water enters 
the first at high tide and deposits clay, gypsum, etc. It is 
then run into the second pond, where by evaporation its 
specific gravity rises to 25 0 Be., i.c. 25 per cent. NaCl, and 
pure salt is deposited in this “ concentrating pond." i( The 
remaining liquor is concentrated in successive basins, called 
“ crystallizing ponds/' where at 2 y° Be. a 96 per cent. 
NaCl is deposited. In further ponds a salt containing mag- 
nesium sulphate separates, called sel mixle, which is dissolved 
in water and frozen, when Glauber’s Salt, Na 2 S04.ioH 2 0, 
separates, leaving MgCl 2 in solution. In the last basin 
carnallite, KCl.MgCl 2 . 6 H 2 0 , separates and is worked for 
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K$l.% The final mothcjr-fiquors are treated to tecover bromine 
and iodine by Balard’s process (see p. 287). Qne sq. metre 
will produce 55-^72 kg ; salt in a good season. Vacuum pans 
have now been installed at Giraud. In Russia (Siberia and 
the North) sea-watcj* is frozen, when pure ice separates. 
The concentrated salt solution is then boiled down. 

- * Process. — I*,ee, on behalf of the International Salt 

Company at Carriekfergus, Ireland, proposed in 1903 to 
prepare pure salt from rock-salt by fusion in a special 
furnace. The salt, which melts at 815° C., flows away from 
the gypsum, etc., and may be ground and sold directly. 
It is claimed that 12 tons of salt are obtained per ton of 
coal, with a conversion cost of 2 s. 6 cl. per ton. « 

Statistics of Salt Production.— The total production 
of salt in Great Biitain in 1907 was 1,979,000 tons, valued 
at £644,000. 

The productions in other countries about the same time 
were as follows : — -•« 

t 

United States . . 3.000,000 tons. 

Germany . . . . 1.841,000 tons (29,000 tons residues). 

Russia . . . . r, 8c/), 000 tons. 

Frafice . . . . 1,200,000 tons (50 percent, from sea- 
water). ' . 

( * 

Italy . . . . . . 473,857 tons. * 

Austria . . . . 340,000 tons with million hecto- 

litres of brine. 

t 

China . . . . 1,648,000 tons. 

fn 1896 the worlds production of salt was over 13 
million .tons, and this has probably increased of late. Salt is 
therefore* the basis of the world’s industries. 

< 
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Section 2.— SULPHURIC ACIl) 

The Chamber Process.— Previous to 1740, sulphuric acid 
was exclusively prepared by distilling ferric sulphate, 
obtained by weathering pyrites-shale ' — 

• Fe 2 (S0 4 ) 3 ~Fe 2 ( ) 3 +;;S0 3 

This industry later on was directed mainly to the prepara- 
tion of fuming acid, H 2 S 2 0 7 , the manufacture being con- 
fined to the linn of Starch, in Bohemia. It was given 
up in Ufm 

In 1740, however, Dr. Ward of Richmond introduced the 
process of deflagrating a mixture of sulphur and nitre, con- 
tained in an iron drh set over a pot of water under a large 
glass bell. The fragile glass vessels were leplaeed by Roe- 
buck, at Prestonpansrin 1746, by lead chambers 2 metres 
wide, and the size of these was gradually increased. They 
were used m France in 1769, and in 1774 I v a Folic employed 
a steam jet in the chamber. A considerable advance was 
possible aftepthe work of Clement and Desormes in 1793, 
who pointed out the importance of a current of air in 
the chambers, and in 1806 these two chemists gave a 
correct interpretation of the reactions occurring in the 
process. 

The use ot iron pyrites, Fc\S 2 , as a cheap source of sulphur, 
introduced by Hill of Deptford, in 1818, and the invention 
of the Gay Russac and Glover Towers, in 1835 and 1859 
respectively, rounded off the already important chamber 
acid industry. , 3 

’ The magnitude of the industry, and its expansion in 
recent years, is well shown by the following table giviag the 
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wfci&hts of pyrites iij A)oo tons, consumed in the different 
countries : — 


Year. 

- — , - 

England. 

• 

France 

Russia 

Germany. 

Amenca. 



-- --- 

- 


- 

IQOO 

751 

397 


(>2 7 

539 

I90i 

(>2V 

t 423 


647 

6 45 


753 

* 420 

-- 

(> 7 S 

620 

I906 

770 

| 5< s 9 


77O 

1 353 

1 90S 

777 

“)‘)2 


878 

890 

I910 

Kio 



1008 

1007 

1912 

— 


2y> 

1 91O 

— 

1915 




1 ~ 

1 359 


The quantities of acid produced in 1910 by Engknd, 
Germany, the United States, and Russia, were respectively 
1,073,000 tons, 1,350,000 ions, 1,349,000, and 200,000 tons. 
In 1908 Italy produced 500,000 tons of acid. The produc- 
tion of acid has considerably increased during the last two 
years. »• 

The toasting of pyrites and blendes in the Ural district 
in Russia would provide sulphuric acid for treatment of 
the rich phosphate deposits found thele : the question of 
artificial fertilizers has lately become acute in that country. 

The larger proportion of acid is« still (1918) made by 
the ouan.ber process, even in countries such as^ Germany, 
where the newer contact process has been largely intro- 
duced. , 

The chamber process is briefly as follows 
Sulphur dioxide, mixed with excess of air, is produced 
by burning sulphur, pyrites, or other sulphide in suitable 
kilns. ,Tlie hot gases pass over pots containing nitre and 
sulplpirie acid, placed in the flues of the burners (or else 
nitrous fumes are produced in other ways), and then pass 
up the Glover tower, down which streams a mixture of weak 
chamber acid, and “ Nitrous vitriol ” obtained from the 
Gay Uussac* tower. The nitTous vitriol is decomposed and 
oxides of llitrogen pass along* with the sulphur dioxide, air, 
and some steam formed by the evaporation of the weak 
acid, to the series of* lead chambers, where steam, or water 
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spray, is blown in, and the reactions leading to the formafi< 5 ii 
of sulphuric at: id occur. The dilute aeid falls as a spray • 
to the floor of the chamber. The a«id issuing frtnn the 
Glover tower is fail ly concentrated, and passes to the 
concentrating plant. The oxides of nitrogen are recovered 
from the gases at the end of the chambers by passing u^ 
the Gay L,ussac tower, down which strong sulphuric licit! 
trickles. They dissolve in this acid, producing nitrous 

vitriol (which is a solution of S0 2 <^q, nitrosulphonic 

acid, in sulphuric acid), and re-enter the cycle of changes when 
the latter is decomposed in the Glover tower. Fresh oxides 
of niirogeii must, however, be added to make up for loss. 

The theory of the chamber process has occupied the 
attention of chemists from the beginning of the last century 
to the present day. In 1806 Clement and Desormes had 
already recognized that the nitrogen oxides took part in the 
reaction,* They, and later on Davy (1812), suggested the 
following cycle of changes : — 

Ol T 

( 1 ) 2 S 0 2 -|-3 NV 2 f H a 0 --= N0 + 2S0 2 <”^ 

9 " 

Nitrosulphonic acid is in fact produced in white crystals 
if insufficient steam is ;ftlmitted (“ Chamber crystals "h 

(2) * * NO |- 0 --N 0 2 

(3) 2 S 0 2 <® 5 „ § H 2 0-|-0-2S0o<^{h-2N0 2 . 

Lunge and Naef (1884-5), by analyzing chamber gases, 
found that in the first chamber (slightly red) NO is present 
in excess ; in the other chambers (dark red) NO and N 0 2 
are present in equivalent proportions, and this uii vfimi 
behaves chemically as N 2 0 3 ‘ — 

N 0 2 - 1 ~N 0 ^N 2 0 3 

These investigators claimed that N 2 0 3 is therefore the 
carrier of oxygen in the chamber process : — • 

( 1 ) aSOj+NA+Os eH 2 9=2S0 2 <^" . 

(2) 2S0 2 <^ 2 -(-H2 0 =2&2S0 4 +N 2 0 3 

2 


B. 
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* <The above are tire main reactions. In the first chamber 
the nitrosulphonic acid reacts with S 0 2 , and NO (colorless) 
is prodaced, w r hicli Uien reacts with more S 0 2 : — 

OH 

(3) 2SO,< -|-S 0 2 +2H0O = 3 H 2 S 0 4 +2NO 

( 4 ) 2 S 0 2 + 2 N 0 + 30 +H 2 0 = 2 S 0 2 <^ 

Various other theories, introducing hypothetical inter- 
mediate compounds, have been proposed, but they appear 
to have less experimental foundation than Eunge’s theory. 
The use of ultra-violet light has also been proposed to 
accelerate the chamber reactions. 

Sources of Sulphur.— The sulphur dioxide introduced 
into the chambers is obtained mainly from the following 
sources, in decreasing order of importance : — 

(1) Pyrites, FeS 2 , sometimes containing CuS ; 

(2) Native sulphur, or brimstone ; 

(3) Zinc blende, ZnS ; 

(4) Alkali-waste, from which sulphur is recovered by the 

Chance-Claus process ; 

( 5 ) Spent-oxide (Pe 2 0 3 with up to 60 per cent, sulphur) 

* from gas-works. 

Iron Pyrites (FeS 2 , 53-33 tfer cent. S).— Spanish 
and' Norwegian pyrites, containing about 49 an<i 40 per cent, 
sulphur, respectively, are the richest. Pyrites containing 
copper is generally used, as the recovery of copper from the 
burnt pyrites forms an essential part of the Eeblanc alkali 
industry (see p. 82). Coal pyrites produces tarry matter 
on burning, which is troublesome. A little pyrites is picked 
up on the beaches of the Isle of Sheppey, and pyrites from 
Wicklow in Ireland (40 per cent. S), Belgium (45 pel cent. S), 
France (45 per cent. V S), and Italy (49 per cent. S, with much 
arsenic), are used. Important deposits occur in Russia, 
Canada, and America. If in lumps, the pyrites is broken 
in a mill' into pieces for the burners ; the fine powder 
requires r special burners-: 

Brimstone. — Most of the sulphur used in Europe 
comes from Sicily. There are, however deposits in New 
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Zealand, at Whale Island ; in Texas, Chili, Russia, JajaA, 
and % Central A#ia. The American deposits at Louisiana are 
very extensive (40,000,000 tons S), anjl are ^worked by the 
Frasch process, which consists in fusing the sulphur deposits 
in situ by superheated water under 6 atmospheres pressure 
passed down a tube ; tilt melted sulphur is then forced up 
an internal aluminium tube by admitting compressed ad- 
through a concentric tube, on the emulsator principle (p. 25) ; 
on solidifying this is ready for use. Ill 1912 the Union 
Sulphur Co. made 280,000 tons of 99-5 per cent, purity 
(containing a trace of oil) by this process. Sulphur is used 
in acid manufacture when special purity, especially freedom 
from*arsenic, is required ; as in making invert sugar, or for 
electric batteries (cf. p. 264). 

Zinc Blende.— Blende (20-30 pci cent. S) furnishes 
sulphur dioxide as a by-product in roasting for zinc smelting. 
65 per cent, of the Belgian acid was made in this way, and 
in Amer?Ca*over 250,000 tons of acid were produced from 
blende in 1911. If roasted above 900°, no Z11SO4 is formed : 

2Z1JS H-30 2 — 2ZnO T2SO0 

Gases from the smelting of lead and copper ores are now 
used to some extent. 4 Fhe roasting of silver, lead, and zinc 
concentrate^ from Broken Hill, New South Wales, "jtfiMdes 
a considerable amount of S0 2 available for the productign 
of sulphuric acid. 

Producticfh of Sulphur Dioxide.— According to the 
source of sulphur, we have to consider . — 

(1) Brimstone burners. 

(2) Pyrites burners. 

The burner gas contains 6 to n vol. per cent. exU.^* ^ 2 , 
and from 10 to 11 per cent. vS 0 2 if from brimstone, or 7 to § 
per cent. S0 2 if from pyrites ; 5 pel cent, of the total sulphur 
is usually present as S 0 3 . The advantages of using brim- 
stone, beside the purity of the 1 exulting acid, are the reduced 
chamber space (about two-thirds) required for thg stronger 
gas, and the reduction of labour for the furnaces. Pyrites, 
however, costs oi^ly about half as mucli as brimstone 5 , and 
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tWnmpurities then introduced into the acid do not usually 
^matter. (Arsenic is often specially separated*) „ 

Brimstone, Burners. — hunge’s double furnace is largely 



used, the sulphur being placed on iron trays supported in 
a furnace. Cold air enters under the trays and regulates 

the temperature. The 
hot gases from the sul- 
phur pass over the 
nitre pots (cf. below). 
Only 2 lbs. S are 
burnt per sq. ft. of sur- 
face per hour on the 
trays. Oddo (1910) 
proposed to burn bri- 
quettes formed of 1 
part crude sulphur and 
5 parts ore, giving 50 
per cent. S, but this is 
still too expensive. In 
America Tromblee and 
Paulis rotary kilns are 
used for burning sul- 
phur. They will burn 
600 lbs. sulphur per day; ana yield up to 18 per cent. S0 2 in 
the gas. Sulphur burning is somewhat difficult, as super- 
heating, with distillation of sulphur, may«occur. 



SULPHURIC ACID * 2I 

Pyrites Kilns or Burners.— Thole are designed tot: 
(i) Jumps, or *(2) powder. Those for lumps are ordinary B 
brickwork fireplaces with flues and bars,(Fig. 3), on which the* 



Fig. 4. — Herreshoif Pyrites Burner. 


pyrites is placed, the kindling being effected by a little red-hot 
coke on the top, the temperature* of the gas is 400°-500°. 
The air supply is regulated by sliding floors. For powder, 
Maletra, Delplac^, or similar furnaces are used, consisting 
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of* a series of hearths over which powder is raked (Fig. 3) ; 
^ignition is started by a separate hearth which is brickc/t up 
later, arid finally tha burnt pyrites falls into a cooling box. 
In the “ grate furnaces ” as used 10 cwt. are burned in 24 
hours ; in Maletra furnaces 13 cwt. ; or 5 cwt. and 2 cwt. 
]j>er sq v yd. per 24 hours respectively. The Delplace furnace 
is silkifar. Rotary fftrnaces (first introduced by Macdougall 
in 1870) are largely used, now of an upright type (Fig. 4) 
(Wedge furnace and Herreslioff furnace), with fixed body 
and trays and rotating scrapers, the shaft being hollow 
and cooled by water or air, and the scrapers having blades 
which push the material to the centre and circumference of 
the trays, alternately. Wedge furnaces will calcine 40 tons 
of pyrites per 24 hours. The burnt pyrites contains 075-3 
per cent. S. It is now heated in revolving kilns with waste 
gas (“Nodulizing kiln") to remove most of the sulphur, 
and used in the blast furnace for production of iron. 

The, gases pass through dust chambers witlf baffles, or 
a broken brickwork mass, and then to the Glover tower. 
Inclined rotary furnaces are used in some Italian works. 

Nitre. — After the pyrites burners come the arrangements 
fot introducing the oxides of nitrogen. They are produced : 
(j) I'rom nitre-pots containing 'a mixture of sodium 
* ’ nitrate and sulphuric acid, placed in the flue from 

the pyrites burners to the Glover tower. This 
" is the usual method in English works. About 
3 parts of nitre are used for every 100 parts of 

t sulphur burnt. 

(ii) By spraying liquid nitric acid, or solution of sodium 
1 ^ nitrate, into the lead chamber, or adding them to 
K the Glover tower. This method is used in many 

♦ Continental works. 

(iii) By oxidizing ammonia mixed with air in a special 
apparatus, in which the mixture is passed over 
a heated catalyst, \e.g. platinum. 

For further information 'on the consumption of nitre, 
see pj>. 34 and 238. r 

The Lead Chambers.— These arc usually made from lead 
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plates free from antimony, weighing £-7 lbs. per sq. # ft. 
(about J in. thick), the edges autogcnously welded together 
and having lead straps also welded on for support on a 1 
wooden framework. The sides are suspended in a large 
flat dish made by turning up the edges of the sheet forming 
the bottom by 1-2 J ft. «In British works the tops arc often 
left exposed ; on the Continent they are roofed in. /In aW 
cases the sides are protected by wood or corrugatecf iron 
walls. The chambers are rectangular in shape, 100-130 ft. 
long by 20-30 ft. wide by 16-25 ft. high. If water- spray 
is used instead of steam, they are narrower and higher. 
Chamber capacity up to 150,000 cu. ft. is often used. In 
England all the chambers are of the same size, three or four 
forming a set for one lot of kilns. In France one large, with 
smaller chambers before and after, is used ; in Germany, 
frequently two large and two small. They are connected by 
pipes of 10-12 lbs. lead ; there is some evidence that the 
gases shtidd leave at the top and enter at the bottom. The 
size of chamber depends on that of the Glover and Ga£ Eussac 
towers ; with average towers it is 1C-20 cu. ft. per lb. S 
burned per 24 hours* Good chambers may last about 10 years, 
with occasional repair. The necessity for using such a large 
reaction space as the <*hambers follows from the considera- 
tion of th‘e chemical reactions which take place in tb forma- 
tion of sulphuric acid. In Lunge’s system of equations, all 
the reactions would,, so far as we know, take place very 
rapidly except (4), in which the oxidation of NO is concerned. 
This reaction : 

2 N 0 + 0 2 = 2 N 0 2 

is fairly slow, especially when the NO is diluted with^a large 
volume of air, and it would requite an appreciable* time of 
contact. Again, if the chamber space were unduly reduced, 
the formation of “ chamber crystals ” or solid nitrosulpliomc 
acid might occur, which, if afterwards hydrolyzed in contact 
with the lead, w r ould lead to corrosion of the latter owing to 
formation of nitric acid. If the acid in the chambers is too 
dilute (below 40 per cent.) nitrous oxide and cve’n nitrogen 
are produced fiom the NO, and as tliese pass unchanged 
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tjnjough the Gay L^ssLc tower, a loss of oxides of nitrogen 
results. This is, in fact, the case to a small extent even in 

( c 

* correct working. Possibly these are derived from the 
decomposition ‘of oxygen compounds of sulphur and nitrogen 
formed in the chambers : 

N 2 0 3 +2S0 2 +H 2 0=2HS0 3 N0 
2 NO.SQ 3 H -|-H 2 0 =2H 2 S0 4 +n 2 o 
N itrososulpliuric acid, HSO 3 NO, is, however, a hypo- 
thetical substance. 

Steam is admitted to the chambers from a boiler ; the use 

of steam has lately declined, 
Sprengel’s water-spray sys- 
tem having been success- 
fully used in England ; it 
has for some time been 
used in German works (e.g. 
Griesheim) . The draught 
through the system is pro- 
vided by a chimney, or 
leaded-iron fans, or blowers, 
usually' placed between the 
last chamber and the Gay 
hussac tower. 

The chamber 1 acid con- 
tains 60-70 percent. H 2 S 0 4 . 

The Gay Lussac 
Tower. — This is made with 
lead walls of 8-10-lb. lead, 
with a “ tuined-up ” lead 
bottom of 12-18-lb. lead, packed with coke, etc., and the 
lower part lined with blue bricks without mortar. It is 
built up in brickwork, is 4-10 ft. wide and 30-50 ft. high, its 
ciibic content being at least 1 per cent, that of the chambers. 
The coke packing, although most used in England, tends to 
disintegrate-, and cylinders, or balls, of acid-proof stoneware 
are coming into use. Acid 1^ sprinkled over this packing by 
a kind of M< Barker’s Mill,” or an intermittent siphon tank, 
being iorced up to tine top by an “ acid-egg ” (Fig. 5), an 
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“ emulsator ” (Fig. 6), 01 by centrifugal multi-stage pur®^. 
The acid should not be weaker than 144 0 Tw,, and the 
temperature not higher than 30° C. : 

N 2 0 3 +2H0SO4 =2HNS0 6 +h 2 o 

The “Nitrous vitriol ” fopned contains 1-2 per cent. N 2 0 3 ; 
if excess of S 0 2 is used, a purple acid^ H 2 SN 0 6 , is formed. 
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Fig. 6. — Emulsator. 


In new plants, two or more Gay Lussac towers are usually 
erected. * 

The Glover Tower.— This (Fig. 7) is exposed to a 
higher temperature than the Gay Lussac tower, and is moi£ 
strongly built of 14-18-lb. lead sides and 35-lb. lead bottom, 
and is lined with acid-resisting bricks or volvie-lava without 
mortar, 2 ft. 3 in. thick at tli£ bottom, 18 in* above the 
grating, and 4J in. at the top. • The packing is usually flints 
or acid-proof blocks ; or in America, ^quartz rock, and on 
the Continent, volvic-lava. Larger lumps are placed ht the 
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bottom of the tow^r. 1 Lunge’s special plate packing is 
also used. The height is 20-30 ft., but the volume is made 
*equal tp that of the Gay Lussac by increased section, c.g. 
9-10 ft. square. The gases enter through a cast-iron pipe. 



There are two storage tanks on the 
top, one for nitrous vitriol, the other 
• for chamber acid, and the two streams 
mix in a distributing box before pass- 
ing down the tower. The hot con- 
centrated acid (about 76 per cent.) 
leaves the “ saucer ” at the bottom by 
a lip, passing through silica, or lead, 
cooling coils. The temperature <?f the 
entering gases is 300°-400° ; that of 
the exit gases is 50°-8o°. If two 
towers are used, the first removes 
dust. vSome acid is produced in the 
Glover tower, since the elimination of 
oxides of nitrogen occurs chiefly ac- 
cording to Lunge’s third equation, i.e. 
reduction by S 0 2 ? about ten times as 
much acid is produced as in an equal 
volume of chamber space. 

Method of Working a Chamber 
Plant. — The chambers are luted with 
qo°-ioo 0 Tw. acid at the start (not 
water), and excess nitre ’is used till the 
gases show a distinct colour with the 
pyrites kilns \\ orking. The Gay Lussac 
tower and steam are then started, and 
the nitie 1 educed to a minimum. The 
strength of the chamber acid is kept 
at I20°— 123 0 Tw. (England), or 106 0 - 
iio° Tw. (Continent). The chemical 


change is nlost rapid in tlie # first half of the first chamber ; 
it then slackens, but revives in the second (due to mixing 
in the pipes and cooling). 

Thte exit gases are analyzed as they pass out of the Gay 
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Lussac tower, as well as the acid produced, which is colleoifcfl 
from^the chambers by “ drip-pipes." (For analytical control 
see Lunge and Hurtcr, "Alkali Makers* Handbook ,”#p. 98.) 
In successful working the following conditions are satisfied : — 


Second and intermodule chambi i-. 1 . ‘“ v \f 

[ chamber,* 

• • 

( •• 

Reddish-yellow (“ pale ” guse? Dark 
indicate bhortugeof nitre, 0 3 , j ied 
or steam) 

oo° j j()° 

— Islighlly 

| v^atin. 


The yield should be about 98 per cent, conversion of the 
sulphur burnt as pyrites. 

Modern Chamber Systems.— (1) Tangential Chambers . 


Colour : 


First chamber 

Colourless 


Temperature : 80 


Pressure : 


slightly ]>atm 



Th. Meyer in 1898 overcame the difficulty of mixing (and 
consequent excessive space required) in ordinary chambers, 
by using circular chambers (Fig. 8), and allowing tile gases 
to enter tangentially so as to produce a spiral flow. Onl^ 
two-thirds the space is then needed, and less lead is required 
for the same volume, on account of the shape. Five such 
towers in series may be used. Iji 1903, such chambers with 
a capacity of 360,000 cu. ft. had .been erected, producing 
160 tons H 2 S 0 4 per day ; each cu. ft. produced about 1 J lbs. 
H2SO4 per 24 holy's. Circular chambers, with water cobling, 
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ft^Ve also been installed in some English works, without the 
spiral flow system (Mills Packard system). f # 

(2) J 7 aiding* s Single Chamber (1909). — A New York patent 



Fig. 9. — Plate Tower. 


in which a single chamber ij 
times as high as broad, is 
used", and the gases cooled 
before entering the Gay Eussac 
tower. It has long been the 
practice in some European 
works to use tall chambers ; 
40 per cent, saving of lead 
is claimed. This system is 
said to be working satisfac- 
torily in America. 

(3) Lunge and Rohrmann 
Plate-Towers. — In 1887 Eunge 
proposed to economize cham- 
ber space by the ifie bf towers 
with perforated porcelain discs 
(Fig. 9). ,In 1893 the use of 
such towers had become ex- 
tensive, in conjunction with 
chambers. 100 cu. ft. of tower 
space produces as much acid 
as 750 cu. ft. tangential, of 
11,000 cu. ft. rectangular 
chamber space." They offer 
an increased resistance to the 
gas flow, requiring an aspira- 
tor at the end of the system, 
and their initial cost is much 
higher than for chambers for 
equal production. 

(4) The Opt Tower system 


is a series 'of six or eighE such towers in series, without 


chambers." Such systems were successfully used at Grie- 


sheim in 1909, and ^re working satisfactorily in two English 
work£ In the latter, six towers are used^ the first three on 
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the Glover principle, and the last thfree as Gay Lus^t 
towels. Watef is added to the second, third, and fourth ; 
fresh nitric acid to the second tower. f All the acid passes 
through the first tower, and thence to coolers. The exit 
ga^cs are scrubbed. 

In tower systems th£ chemical reactions occur in the 
liquid passing through, not in the gas f as in chamb#i o pro 5 
cesses, hence the saving of space. The ordinary chamber 
space is from io to 19 cu. ft. per lb. S burnt per 24 hours ; in 
the Opl tower system this is reduced to 2 cu. ft. 

Reports of the working of the new chamber and tower 
systems are satisfactory 7 ; these improvements have doubt- 
lessly^trengthened the position of the chamber system, as 
opposed to the newer contact process, for the manufacture of 
sulphuric acid. In the liquid phase the reactions occurring 
are probably (4) and (3) of Lunge’s scheme, alternately. 
According to Trautz, the formation and hydrolysis of nitro- 
sulphonic afid in solution occur practically instantaneously. 

Purification of Sulphuric Acid.—Arsenic is removed 
by treating the chamber acid with sulphuretted hydrogen 
(prepared from ferrous sulphide apd dilute sulphuric acid) 
either in towers or in Davis’s de-arsenicator plants, whk'li 
consist of closed tanl& with agitators. The precipitated 
As 2 S 3 is filtered off through porous earthenware plates by 
suction or pressure ; nitrogen oxides, antimony, lead, and 
presumably seleniurii, are simultaneously separated, and 
only a little iron is left in the acid as impurity. This iron 
may separate as ferric sulphate during subsequent concentra- 
tion and give trouble. Another process is to add a little 
hydrochloric acid, and blow out the volatile AsC 1 3 from the 
strong acid, or remove it by shaking with tar oils,‘wli£n a 
kind of soap is produced. „ 

Concentration of Sulphuric Acid. — The weak acid 
from the chambers, about 65 per cent. H 2 S0 4 , is concen- 
trated in the Glover tower to 7# per cent., and acid of this 
strength may also be obtained by evaporating ch&Jnber acid 
in lead pans, the heating being effected either by hot gases 
passing over the surface, or by heating underneath, in Which 
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ease the lead pan| are protected by iron plates. * With 
3 pans, 6 ft. by 3 ft. by 1 ft., 3 tons of acid may be concen- 
tratedjn 24 hours with half a ton of coal, further concen- 
tration of the 78 per cent, acid is then carried out in various 
ways. Concentration of acid over 93 per cent, may be done 
in large cast-iron pots with lead rims. Up to 93-98 per cent, 
•specif apparatus is required. 

'fhe thermal efficiency of a concentrating plant may be de- 
termined on the following lines (cf . A. W. Porter, Trans. Faraday 
Soc., 1917, for most recent data). The total heat required for 
concentration may be regarded as composed of three parts 

(i) The heat required to raise the dilute acid from the 

temperature at which it is supplied to the tempe- 
rature of concentration (Q s ) ; 

(ii) The heat of dissociation into strong acid and free 

water, which is the same as the heat of dilution (Q D ) ; 

(iii) The heat of evaporation of the water (QJ. 

If it is assumed that these are independent of temperature, 
a very rough approximation to the total heat may be obtained 
from the following table (C.H.U.— heat required to raise 
1 lb. water i° C.) : — * 


Concentration of acul 


t>‘ 

! O t> 

\ ! 


O total for mass 

A 

°Tw 

%h„so 4 1 

0, 

Qv 

containing 
x lb. HjS 0 4 . 

168 

<)0 : 


1 ’l;. 

2 12 

105 12 

1 55 

»4 5 

104 

(>4 1 

95 5 , 

2 () V5 

130 

73 * 1 

107 

! 95 ; 

1()0 O 

398*0 

hi 

5 

108 5 

“3 

29I O 

5 l 2 5 

^01 

Co 0 

no 

124 

349 O 

589 0 

84 

52 2 

13** 

133 

488 0 

759 0 

61 

40 0 

193 

*53 ! 

795 0 

1 1 4 1 ’O 

57 . 

37 7 

21 1 

15^5 | 

880 0 

1243 5 

ro 

20 0 

44O 

*73 1 

2120 O 

2 733‘° 


Various types of concentrating apparatus have been 
in use at different times, many of which are now practically 
obsolete. Among the older, forms may be mentioned — 

(i) Glass retorts, in- which the acid is boiled, either 
single retqrts (Chance Bros., Oldbury), or retorts 
in cascades (Gridley). , 
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(ii) Large glass beakers with lips, ifi cascade similai^T) 
# the cascades now used (Webb, Levinstein). 

(iii) Platinum, platinum-iridium, of gol 4 pans,#in the 

form of flat pans with corrugated bottom. Kessler 
used a platinum dish with a lead eovei. These 
expensive plants are now going out of use, the 
metal being sold or used in the contact protgss as 
a catalytic material. 

The methods largely used at present aie of three types 

(1) Kessler’s Process. 

(2) The Cascade Process. 

(3) The Gaillard Tower. 

Kessler’s Process. — Hot gases pass over the surface 



of the acid contained in a shallow trough of volvic-lava, or 
acid-resisting stone, enclosed in a thick lead jacket (Fig. io)> 
Strong acid is left, and the fumes pass on to a tower formed 
in the lower part of lava and in the upper part of lead, where 
they give up sulphuric acid to descending weak acid, steam 
passing on. Kessler’s apparatus , gives very satisfactory 
results when only small quantities of^acid are dealt with, 
and is used in several English w r orks. 
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? , v The Cascade Process. — The acid flows down a cascade 
(Fig. n) of porcelain beakers, silica basins, or pans of# acid- 
resisting metal. Porcelain beakers are attacked, and 
siljpa may develop line cracks. Acid-resisting metals used 
are ironac (passive iron rich in silicon and poor in carbpn, 
made by Hauglil oils' Metallic Packing Co.), narki (Varley 
& C o', and tantirod (iron and 15 per cent, silicon made by 
the Lennox Foundry Co.). 

The vesels are arranged on a kind of stairway, in pairs, 
the non-metallic kinds resting on asbestos rings in iron 
saucers, and are heated below by flues. The acid runs down, 
and hot air sweeps up over its surface. The hot concen- 



trated acid from the last step goes through a lead cooler to 
a lead storage tank. Troublesome bumping is often caused 
by ferric sulphate separating out at a ceitain stage of the 
cascade. 

The Gaillard Tower (1906) is the most efficient 
method when large volumes of acid are dealt with, and is 
being introduced in large numbers. The acid is sprayed 
by three Korting jets down an empty slightly conical tower 
(Fig. 12) built of volvic-lava, or acid-resisting bricks set in a 
special manner with acid-resisting mortar, and hot gases 
from a coke furnace, freed 1 from dust, and containing as 
little carbon monoxide as possible, pass up the tower. The 
fine mist of acid falls down on to a baffle of acid-resisting 
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stone, and the liquid then drops into tAe lower part of i^ie 
towej, which is luted with lead. This concentrated acid 
runs out into a lead settling tank, in which nyid settles out. 
The acid then runs out through a pipe into a lead tank; in 
wfyich is a lead cooling spiral. The gases passing out of 
the tower pass through a recuperator, which is a smaller 



Fig 1 2. — The Gaillaul Tower. 


empty lead tower, down which a spray of weak acid is passed. 
About half the acid to be concentrated is passed down the 
recuperator. The final gases are scrubbed in lead boxes filled 
with wet coke, or passed through a Cottrell electrostatic 
precipitator, in which the acid mist condenses to liquid. 

The gases enter the main tower at 900°-iq50° ; those 
leaving the recuperator are at 200°. Secondary air is 
admitted in the flue passing ffom*the furnace t <3 produce 
the maximum amount of C0 2 ; the gasoG entering the tower 
contain 12-15 p<*r cent. C 0 2 . 24 cwt. coke are used in 
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4 charge with the* furnace working discontinuously ; with 
producer gas firing continuous working js obtained. A 
towei 60 ft., flight and 6 ft. diameter produces 40 tons 
95-96 per cent, acid per day, with a loss of 3-5 per cent, 
due to leakage, and loss of S 0 2 and S0 3 in the exit g^ses. 
The exit gases from any concentrating system must not in 
England contain nfore than ij grains V S0 3 per cu. ft. The 
losses in cascade systems may amount to 15-20 per cent. 
The consumption of fuel in the tower is about ij- to 2 cwts. 
coke per ton of 96 per cent, acid produced. 

Losses in the Chamber Process. — 100 parts of sulphur 
burnt in the kilns as brimstone or pyrites should yield 306J 
parts of H 2 S0 4 , but in practice the yield is less, owing to 
loss from the following sources : — 

(1) Incomplete removal of sulphur from the pyrites, or 

sublimation of sulphur. 

(2) Leakage in working the burners, or from the chambers, 

, towers, etc. ' * 

(3) Escape of vS0 2 , or uncondensed H 2 S0 4 , in the exit 

gases. 

The actual yield is, usually 278-285 parts H 2 S 0 4 per 
l'oo S burnt as pyrites, and 290-300 when burnt as brimstone. 

'file consumption of nitre varies ior the different systems ; 
it has been estimated as follows, per 100 parts of sulphur 
burnt : — 

(1) Ordinary chamber process without Gay Lussac 

towers : 10 parts. 

(2) Ordinary chamber process with Gay Lussac towers : 

2*5-4 ports. 

(3) Meyer’s tangential chambers : 27 parts ; with 

1 ’ intermediate towers, fans, and water-spray instead 

of steam : i*8 parts. 

(4) Niedenfiihr system with plate-towers : 2*2-2*45 

parts. 

(5) Falding's chambers 1-1*5 parts. 

(6) Opl tower system : 2*25 parts. 

The Law of Mass Action and Applications of 
Thermodynamics. — According to thg earlier ideas of 
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chemical affinity, a chemical reaction was the result of tpc 
play pf the affinities of the various elements, or groups, in 
the reacting substances. Thus, the reaction — * * ♦ 

NaCl -f H l ,SO i — NallSO t I IIC 1 
proceeds because the affinities of Na and IIS 0 4 and of 
H and Cl are greater than those of Na ajul Cl and of ^ and* 
HSO4, respectively. It follows at once that if a eheifiical 
reaction commences, it should go on to the end, because so 
long as the affinities can act, there is no reason why they 
should not do so. Speaking geneially, if we consider the 
simple case — 

AB | C AC 1 B 

• 

if the affinity of C for A is greatei than the affinity ol B for A, 
then C will displace B completely 1 10111 the compound AB. 
This is Bergman’s theory of affinity (“ Kssay on 1 elective 
Attractions," 1775). 

It wa& found, however, particulailv in the researches 

. • 

of Berthollct (“ Chemical Statics,” 1803), that most chemical 
reactions do not go to completion. Thus, in the caustitica- 

tion of mild alkah b\ f lime, the reaction— 

• 

(1) K 2 C(V|-Ca(<)H) 2 — 2KOII | CaC0 3 

is not quantitative ; soide carbonate is always left. Further, 
if calcium carbonate is boiled with caustic alkali, some 
mild alkali is formed 

(2) iKOH 1 C« 1 C ( ) 3 — K 2 C( ) 3 -| - Ca (OH ) 2 
Reactions are therefore generally incomplete , and 

reversible. This result alone is sufficient to dispiove Berg- 
man’s theory, but Berthollct made a further discovery of 
fundamental importance. He found that the exfent* of 
decomposition depended on the quantity of the reacting, 
substance, present in a given volume, which was available 
for reaction — a factor which he called the active mass. Thus, 
if we pour off the solution containing KOH and K 2 C 0 3 in 
reaction (2), when it has ceased*to jeact any further, or, as 
Berthollct said, when it is in chemical equilibrium with the 
solids, and replace it by a fresh solution of KOH, Then 
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farther decomposition occurs, and by repeating the process 
the CaC0 3 may be completely converted, into Ca^OH) 2 . 
Berthollet tkerefoie clearly realized that the mass of a 
reacting substance has an impoitant effect on the course of 
the reaction, but unfortunately lie did not know hov^ to 
specify the “ active mass ” so as to lead to quantitative 
conclusions. This was reserved for Guldbcrg and Waage 
(1867), who succeeded in expiessing Beitholkt's conceptions 
in a mathematical form. The resulting I,aw of Mass Action 
is undoubtedly the basis of all modern chemical industry on 
its scientific side. Thus, if a certain product is to be made 
by a chemical process, the first thing which would be done 
is to write down the stoichiometric equation, show mg the 
course of the reaction. Thus, if it is desired to prepare 
ammonia from its elements, we have the equation — 

N 2 b3H 2 -r. 2 NH ; } 

This, however, does not give us the slightest information 
ou the most important points, lirst of all whether the reaction 
is possible at all, and secondly, if it is, what will be the yield. 
Without some guidance we should consider the yield as 
quite fortuitous, or at oest the result of following empirical 
rules — as is still largely the case in Organic Chemistry. By 
meahs of the law of mass action we can foresee the whole 
possibilities of a reaction, provided we have made one or two 
equilibrium measurements at different temperatures. This 
will be explained fut tlier on ; a slioit account of the law of 
mass action will first be given. 

Guldberg and Waage showed that a suitable specifica- 
tion of the active mass is the concentration of a component, 
this being the number of molecular weights per unit volume ; 
e.g. the number of gram-molecules per litre, or shortly, the 
number of mots per litre. 

If we denote the equilibrium state, when no further 
chemical change takes place, by the equation — 

AB-} C^tAC+B 

to take a simple case, then it is found that in this state all the 
reacting substances, AB, C, AC, and B, are present in finite 
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amounts. Some of these amounts may be very smal^f 
thus ju the reaction — 

BaCl 2 -[-H 2 vS0 4 $BavS0 r i # IlCl 

in aqueous solution, traces ol BaCh and 1I 2 SOj aie always 
present. Guldberg and Waage iuither pointed out that 
this equilibrium state is attained, not b^ the absence q^any* 
chemical change at all, but by the simultaneous occurrence 
of the forward and reverse reactions — 


AB | C->AC |-B 
AC j B->AB |-C 

so that as much of any one substance, say AC, is formed in 
a give* instant by the direct reaction as is used up again by 
the reverse reaction. Hence the use of the symbol “ " 

This conception has been verified by experiment; to take 
a well-known case, the rates of formation and decomposition 
of hydrogen iodide approach equality as equilibrium is 
reached—' 

l2+II 2 g2HI 


If we denote the # concentrations of the four substances 
present by [ABJ, [CJ, [AC], [B], then the law of mass action 
states that when equilibrium is attained the following 
equation holds good 


[ABJ [C] -- [AC] [B ] x C01 istant 

[AC][B] „ , , 

C——-- -- Constant 

. LABjlcj 

Generally, if we have the reaction — 


w lAi+«2A2-f H3A3T • • • •’ • 

in which n l molecules of A t react with iu, molecules of A 2 , 
and so on, to produce molecules of A/, and so on, <he 
law of mass action may be expressed in the form — 


[A^WMAs'K . . 

[A 1 ]» I [A 2 ]**[A 3 ]' , 3 . . . 


—Constant ==K 


More conveniently we can w;ile — 

log [AJ=log K # 

The law of n^ass action may be deduced theoretically, 
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either on kinetic grounds, or from the principles of thermo- 
dynamics (see, for example Partington, “ Thermodynamics,” 
pp. 322 ct scq.). It must be emphasized that it only dis- 
entangles one of the factors which influence the course of 
a chemical reaction, viz. the effect of the varying concen- 
trations of the interacting substances. Among the other 
factQis are : the chemical affinities, the temperature, and 
pressure. Thus K is a constant : — 

(i) with given interacting substances ; i.e. affinities ; 

(ii) at a fixed temperature ; 

(iii) at a fixed pressure. 

K is therefore usually a function of all these variables. 
It is, however, usually called the Equilibrium Constant. 

The law of mass action alone is therefore not sufficient 
to give us complete information as to the course of a reaction, 
or the yield, under practical conditions, because it only 
applies, with a constant value of K, to a particular tempera- 
ture. Jn order to complete our information we must know 
how K varies with the temperature. This is a problem 
which can be solved by a simple application of the principles 
of thermodynamics, and its solution forms one of the most 
useful applications of that science. Thermodynamics is at 
least; as useful in applied chemistry as it is in engineering, 
and is rapidly becoming the foundation of modern industrial 
chemistry. Previously, and even in some cases to-day, 
an incorrect theory was in vogue, namely, the so-called 
Principle of Maximum Work of the thermochemists, M. 
Berthelot and J. Thomsen. Stated briefly, this was as 
follows. If the reaction- — 

AB+C-AC+B 

as attended by an evolution of heat, then it will occur in 
practice. In other words, if Q denotes the heat of formation 
of AB, and Q' that of AC, then C will displace B from the 
compound AB provided that Q'>Q. 

In place of this incorrect criterion, which is disproved by 
every endothermic Reaction, we may use the principles of 
thermodynamics, in particular the Secqnd Taw. It can 
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be shown, in fact, that a process can omy occur spontaneous 
when, if suitably conducted, it is capable of furnishing useful 
work* By “ useful work ” is meant energy in* such ^ form 
that it can be directly and completely converted into the 
potential energy of a raised weight, without any other energy 
changes occurring anywhefe. In other wotds, a spontaneous 
process involves the loss by the sys^m undergoing the* 
process of a store of energy which is convertible under 
proper conditions completely into useful work. »Sueli energy 
is called Available Kucrgy, or Fret* Kncrgy. Thus, if a piece 
of zinc is placed in a solution of copper sulphate, it passes 
into solution, and throws out copper, because the reaction — 
Zn - |-CuS 0 4 ->Cu H-ZnS( ) 4 

if carried out in a Dauiell’s cell can produce an electric 
current, which is directly convertible into usciul w'ork by 
means of an electromotor. When the reaction occurs 
spontaneously, however, the available energy is not 
recoverecf as # work, but in the only partially availably state 
of heat. 

The Second I y aw # of Thermodynamics may be stated in 
the following form . — . 

The maximum work obtainable in an isothermal process 
is equal to the diminution of available energy, ai^l is 
independent of the w*ay in which the process is performed, 
provided it occurs isothermally and reversibly. 

It is possible to calculate the maximum woik, or* dimi- 
nution of available energy, which we shall denote by A, in 
many cases. In particular, when the system is composed 
of gases or dilute solutions, it is given by the expression 
A=RT log, K-RT^q log, [Aj] 
where the external work due to change of volume, ^fqfe-T, 
is neglected (cf. “Thermodynamics,” par. 144) ; 

R is the general gas constant : 8*315 Xio 7 erg/degrees 
C. in absolute units ; * 

T is the absolute temperature ; • 

K is the equilibrium constant as defined above ; 

[Ai] is the initial concentration # of the first reacting 
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substance, 1 and n x the number of molecules of it 
which enter into reaction. 

Tortus referring f o tire products of reaction are taken as 
positive, and heat Q evolved during the reaction is taken 
as positive. 

Thus, in the reaction 2H 2 + Og^IT 20- 
Tv— [H 2 0 ] 2 /[Il 2 ] 2 [ 0 2 J 
and Q is the heat of formation of water. 

In equilibrium no reaction occurs, lienee — 

A=o 

from which follows the law of mass action — 
log, K = -S« 1 log, [A^] 

where [A^] is the concentration ol A] in equilibrium. 

It is a consequence of the First Raw of Thermodynamics 
that the heat of reaction at constant volume, Qj,, is a function 
of temperatme of the form — < f 

Qv-Qo I S/»iCirfT (i) 

where Q 0 is the heat of reaction at absolute zero ; 

A';qr 1 is the algebraic sum of the molecular heat 
0 capacities of the reacting substances, products of 
, reaction being again taken as positive. 

Thus, in the reaction just considered — 

^h c l 2 ^vh 2 o (2F t , H2 

where is the molecular heat at constant volume, itself a 
function of temperature. 

'An application of the Second Taw of Thermodynamics 
leads to the equation — 

^log, K_-Q„ 

df RT 2 [2) 

(“ Thermodynamics,” par. 147). is positive for heat 
evolved. 

If we substitute for Q^its value given by formula (2), 
we have— ^ 
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which contains the whole theory of the influence of tempeia- 
ture on equilibrium. This equation may be integrated wlien 
c x is known as a function of T. In the integrator! an 
arbitrary constant will enter, which cannot be evaluated 
from the purely thermal data Q and the values of c. Hence 
the value of K at one temperature must be known before we 
can make use of the equation. According to a iuw tlit*orein 
introduced by Nernst (1906), the value of the integration 
constant can be obtained as a sum of terms depending only 
on the properties of the pure components, which may be 
determined once for all, and are then available' for various 
calculations. If I is the integration constant 

I - - 2V, 

where i x is called the Chemical Constant of the first com- 
ponent. Tables of these constants have been calculated, 
and an approximation to the equilibrium conditions can lie 
made by # usjpg them, without making a single determina- 
tion. This method has already found an application in 
technical chemistry (“ Thermod> namics," par. 212). 

Theory of the ‘Contact Process. — 111 the reaction of 
the so-called Contact Process tor the fnainifactuie ol sulphuric 
acid, which is considered in the next paragraph, we have — 
2S0 2 +Os£>2S0 3 

In the equation of mass action — 

En x log [A]] --log K 

we shall have — 

n x ~~ 2 ; n 2 — - r ; 2 

hence —2 log [S0 2 ] —log [Oo]-|-2 log |S 0 3 1 — log K 
or [»S] 2 = _ K 

|SO*]*[o 2 ] 

It is evident that, other things being equal, the yield of 
vS 0 3 is increased in the equilibrium state when either the 
concentration of the S 0 2 or the .concentration of the 0 2 is 
increased, but an increase in the concentration of the S0 2 
will have a more marked effect because J:he latter enters the 
product as a square. In actual practice, however, the aim 
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i^co get the maximiim yield of S0 3 from a given amount of 
S(j 2 , hence it is necessary to use excess of oxygen, as other- 
wise unchanged SO21 would pass over with the S0 3 . 

The equation — 

[S0 3 1_ /uioi 
[S0 2 ] ^ k J 021 

show** that the ratitf of S0 3 to S() 2 is proportional to the 
square root of the oxygen concentration. 

If we use partial pressures instead of concentrations it is 
easy to show that — 

Pi-A Ai]RT; 

hence P^JjKo , — K V/> 0 


where K' is constant at a given temperature. 

The following table gives the values of K', i.e. of 
PsoJpso 2 • V p 0i , for different temperatures 


t °c 


45° 

500 

515 
553 
* 600 
610 

7°*' 

800 

900 


T abs 

K' cal 

K' obs , 

7 2 3 

191 4 

187 67 

77 \ 

70 O 

7 . 2 3 

788 

53 s>i 

() 5’4 

826 

* 2748 

2 4 -I 

873 

M 3 ° 

14*9 

88 $ 

11 48 

< m 5 

97 * 

3 ‘ 5 5 

4 8 4 

io 73 

1 21 

1 -8 1 

1173 

0 20 

0 57 


Observer. 

Kmetscli. 

I3odlctndcr 

Kmetsch. 

Bodlander. 

Kmetsch. 


These results are shown in the curve in Rig. ij. 

The effect of temperature on the value of K is to diminish 
the latter with rise of temperature, a result which follows 
from the equation — 

‘ ’ <*log e K __ — Q v 

# dT~ " RT 2 

According to Berthelot the heat of reaction for 
2S0 2 +0 2 ->2S0 3 

is 45,000 Calories at room-teoiperature ; hence Qt,=45>ooo, 
. d log,. K . 

and — is negative. 
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To integrate the equation — wc > s h°uld 

• • 

have to know the specific heats of S 0 2 # 0 3 , ^nd SO^at all 
the temperatures at which the equation is to be applied. 
In t the case of S 0 3( such data are not available. If we 
■•assume, roughly, that Q„ fs constant, we have— 

( ) , • •* 

log,. K = b constant . ...(f) 

K 1 

Q u will be, taking Berthelot's ligure, 22,500 at the ordi- 
nary temperature ; at higher temperatures it will diminish, 
and if we take 22,270 cal. as the mean value, the equation — 

R log, K'- 22 a y° -20-4 ... (2) 

is found to give values of K' agreeing with experiment. 
R in gram calorics y degrees C. will be 1-985, and to convert 
common logarithms to natural logarithms we multiply by 
2*3026, li4*nc£ — 

log K' x 2*3026 X 1-985 — 22 ^7° -20*4 
or lSgK' = 48 T 75 - 4 - 4 6 . . . . (J) 

• 

The values of K' from this equation are shown as crosses, 
the observed values as circles, in Rig. 13. The agreement 
is good. 

The constant 20*4 in equation (2) was found by taking 
an experimentally found value of K' at a given value of T 
and substituting in the equation. If we use Nerust's theorem 
we have to take the chemical constants of vS0 2 , 0 2 , and vS0 3 . 
The latter value is not known, but by assuming a probable 
value, an equation is obtained which agrees fairly well \yith 
the experimental results. 

The yield — 

_ S 0 3 

*~so,+so 3 

• . 

may be calculated from the equation — 

*S 0 2 +*S 0 3 =S 0 3 

.*. ^1— %)S0 3 — %so 2 
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v i 

vS0 3 __ x 
vSU 2 -* 


ana 


or 


Vr 

( i-x)V/> 



K'»//> 0J 

'■I k Va,, 


from which the yields at vatious temperatures and initial 
compositions may be calculated. 



If a , b, c are the percentages of SOo, 0 2 , and N 2 in the 
initial mixture, prepared by burning pyrites in air, tlier 
sinde o'5rtr of the b volumes of 0 2 are used up, and the 
volume is kept constant — 

, b — lax 

P a = “ . - 7T 

1 1 ioo — lax 

« 

c K' 

*=■ ~r 

• k 'w ; 

V 77 


and 



: Sulphuric , ; acid 


From this equation Haber calculated the following tabft, 
whic^ is direct^ applicable to the contact process operations 
in the w r orks : — 


Composition of initial £.i". — • 

- t\ 7 o pci ( cut SO a 

h i <* j. ,, ()j 

c - - 8 1 i > , , N , 

“ • 

M iMiimm <'quilil>imm 
) icl< 1 SO , v |K'i o< nt 

07 


Tt mpeiatup 
0 Tt nti^iadi’ 

4 H 

55 ° 

<>15 


IC 
i Si 

\ 

5 1 1 


The yield increases with fall of tenipcratuie, and it would 
at lir^t appear as if the best working condition would be 
the lowest possible temperature. Another consideration, 
however, now enteis the calculations. 

If SOo and 0 2 ate mixed together at room tempeiature 
no appreciable reaction occurs, because the velocity of 
oxidatioft obf>() 2 to SO ;i , is very small under such conditions. 
In the presence of a catalyst, such as platinum, this velocity 
is increased, but even then it does not become sufficiently 
rapid for manufacturing processes until the temperature is 
about 400°. There are two conflicting conditions : the 
equilibrium yield (which is of course unaffected by the 
catalyst) is increased by lowering the tempeiature, but the 
velocity of reaction, or the yield per unit time, is increased 
by raising the tempeiature. There will, theiefore, be an 
optimum temperature at which the best wot king yield will 
be obtained, and this will be ai rived at by a consideration 
of the equilibrium and velocity curves. The velocity curves 
have to be determined by experiment, as there is no equation 
known which expresses the velocity of reaction as a function 
of temperature in the same wary as that giving tlu* variation 
of the equilibrium constant. The optimum temperature 
has been found to be 400°-450°, and it is very essential to 
maintain this temperature constant during the process, 
otherwise the yield falls off considerably. 

Knietsch’s curves for various conditions are shown in 
Figs. 14 and 15. Fig. 14 shows the percentage of S0 3 in the 
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mixture at different temperatures, each curve corresponding 
with a different flow rate. By increasing tfye flow ra^e the 
temperature ior maximum conversion increases, but the yield 



i, 2,*s. 4, 5 Technical burner gas containing 7% S 0 2 , to% O, 83% N 
Platinized asbestos m poicelain tube a*, contact substance; rate oi 
How being 300, 1000, 2500, 7500, and 20,000 c c. per minute re- 
* spectively. 

6. Platinum contact, pine stoichiomctucal mixture Rate of flow 
7500 c.c. per minute. , 


7. Platinum contact at 500 c c pci minute 
8s ,, ,, 1000 ,, 


' Stoic biometrical burner gas 
I containing — 

20 vol. % S 0 2 
I to „ O 

1 70 „ N 

9. Technical burner gas Pynles cinders (Fe 2 0 3 CuO) as contact 
l> substance, and 500 c c per minute 

10. Technical burner gas through porcelain tube— bits of porcelain as 
f contact substance Rate -300 c c per minute. 

11. SO, through tube filled with bits of porcelain and 500 c.c per minute. 

12. S 0 3 through empty tube and 500 c c. per minute. 


diminishes, because althovgh the velocity of conversion is 
increased, the percentage of S 0 3 in equilibrium diminishes. 

In Fig. 14, curve I, it is seen that the reaction begins 
appreciably at 200°, and reaches completion at 420°, after 
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which it falls off, and is negligible at iooo°. Increasing 
flow-rates showy, by curves 1-6 in succession, cause maxima 
at higher temperatures, when more and •more gas has fo be 
dealt with by the catahst as the flow-rale increases, and 
correspondingly higher ' '.oTperatures and Iherefoie reaction 
velocities were required, but the yield is smaller on account 
of the lowering of the equilibrium constant K' with ltje of 
temperature. 

The curves in Tig. 15 show the influence of time of 



contact, or, wh*at comes to the same thing, the quantity of 
platinum catalyst, on the yield. The best temperature ;s 
seen to be 450°. 

Some experiments on the kinetics of the contact process 
have been made, which seem to indicate that the reaction 
does not occur in the gas phase according to the equation 1 
for a termolecular reaction, but in a heterogeneous system, 
viz. on the surface of the platinum, and the yelocity is 
largely dependent on the rates at twliich the gases reach the 
catalytic surface by diffusion. * # 

Sulphuric Acid from Sulphate*.— Reference has 
already been madf to the old process of making sulphuric 
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°acid by distilling iron sulphate, formerly carried on in 
Fo hernia. The reaction may be formulated either as— 

&FeS 0 4 ~Fe 2 0 3 +S0 3 +S0 2 
or Iw* 2 (S 0 4 ) 3 — Pe 2 0 3 -t- 3 S 0 3 

according to whether ferrous or ferric sulphate is distilled. 
In practice weathered pyrites was used, the product being 
dehydrated previous to distillation, so that probably 
Fe 2 (S 0 4 ) 3 was the chief constituent. According to Boden- 
stein and Tatsugi Susuki (1910), the first products are S 0 2 
and 0 2 , which then react in presence of the Fe 2 0 3 acting 
as a catalyst, to produce V S 0 3 — 

2h'e 2 (S 0 4 ) h e 2 t) 3 + 6SO 2 +30? 

6 SO 2 | - 30 2 <tbvS( ) 3 . 

In the gaseous phase we have — 



and in the heterogeneous equilibrium — 

* Fe o (vS O 4 ) Fe 2 0 3 + jS O 3 

we have from the Phase Rule a definite equilibrium pressure 
of S 0 3 at a fixed temperature, because there are three 
phases (solid sulphate, solid oxide, gas) and two com- 
ponents (Fe 2 0 3 and S0 3 ), hence only one degree of freedom. 

L l v et P so be the equilibrium pressure of S 0 3 over the 
heated solid, then there is equilibrium when— 

o s A/lv po„ Xp 6 o 2 

If Psq^^sojVK'./^, then the sulphate will be decomposed 
with formation of S0 3 , S0 2 , and 0 2 . 

Another process which has been used on a large scale 
c is that of heating gypsum, or calcium sulphate, with sand 
(Cummings, 1886) — 

CaS 0 4 +Si0 2 =CaSi 0 3 +S 0 3 

If gypsum and sand are made into a paste with a little 
water, and heated in an autoclave to 6oo°-8oo° for several 
hours, H 2 S 0 4 is formed. 
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According to Cantilena (1914), finely powdered bumf 
gypsum and dried clay are mixed so that the ratio— 

(Si0 2 | -Al 2 0 3 +l'e 2 0 3 ) to* Ca() 

is from 0'43 to 0'5. The # mixture is moulded with water 
inti small bricks, which rapidly set, and these are heated 
in a furnace to 1600° in a plentiful stream of air and cy?t of 1 
contact with fuel. The following reactions occur 

At iooo° • CavS() 4 -|-vSi()o -CavSi().j | -SO ; , 

At 1450° : CaS0 4 --CaO f S( ) ; , 

At 1600° • 3Ca0+2CaSi0 3 -Ca 6 Si 2 0 9 

The residue is a kind of Portland cement. The gases 
leave t*ie furnace at 500° and are used to dehydrate the 
gypsum at 155 0 before passing on to the sulphuric acid 
apparatus. If the air is enriched with ox>gen, dissociation 
of S0 3 is diminished. 

It is alleged that the production of sulphmic acid from 
gypsum h^s bfen used in Germany recently on a large-scale, 
owing to the shortage of pyrites resulting from the blockade. 

The Contact Prqcess for the Manufacture of Sui. 
phuric Acid. — P. Phillips of Bristol proposed in 1831 to 
produce sulphuric acid according to his own discovery, 
by passing a mixture of sulphur dioxide and oxygen wer 
heated platinum sponge, whereby sulphur trioxide was 
formed, and absorbing the latter in water— 

2 S() 2 +(V-2SO :} 

S0 3 hlLO-n^SOj 

His process failed, as the platinum was rapidly “poisoned * 
by impurities in the vS0 2 , and became inactive. 

Squire and Mcssel (1875), using pure gases obtained by 
Deville’s process, i.c. dropping strong sulphuric acid on ( 
white-hot bricks and drying the gas over strong sulphuric 
acid, made fuming sulphuric acid, H 2 S 2 0 7 , using platinized 
pumice as catalyst — * 

2H 2 S0 4 -2H 2 t?+2^0 2 +0 2 
2S0 2 +0 2 =2S0 3 

so 3 +h 2 so 4 =h 2 s 2 o 7 


B. 


4 
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Later on, Squire used sulphur dioxide from sulphur, 
pfinlied by dissolving in water under 4 atm. pressure and 
then expelling by^team, and this process was nsed*in the 
works of the Thann Chemical Co., Alsace (1881). 

Various other minor improvements were made inutile 
interval between 1875 and 1898 P>y several firms, and several 
patents were taken out. h'ollov ing the advice of C. Winckler, 
however, most manufacturers used the mixture of S 0 2 
and 0 2 in tlu* exact proportions of 2 : 1, in spite of the fact 
that excess of oxygen was beneficial according to the law 
of mass-action, enunciated as early as 1867. The first 
impetus to large-scale working came in 1898, when as a 
result 01 researches carried out in their laboratories by Dr. 
Knietseh, and by Drs. Krauss and von Berneek, respectively, 
the Badische Anilin und vSoda 1 'abrik, of Ludwigshaven, 
and Meister Lucius und B riming, of Ildchst, simul- 
taneously took out patents for the use of pxiites gases. 

A 8 a result of this work the important fact c afire to light 
that the poisoning of the platinum by pyrites gases was due 
to dust and impurities, especially arsenic, contained in them, 
and that if the gases are carefully scrubbed and purified 
before passing to the catalyst, the latter retains its activity 
unimpaired. 

The equilibrium 2 vS 0 2 +G 2 ^ 2 S 0 3 is maintained at 
450° with 94 per cent, of sulphur trioxide ; if air is used 
instead of oxygen so that the proportions of S0 2 and 0 2 are 
the same as before, the yield is 91 per cent., the diminution 
being caused by the dilution with nitrogen. The best result 
is obtained when the oxygen is present in three times the 
theoretical amount, viz. 2vS0 3 -f30 2 , which is almost exactly 
the composition of the gases from the pyrites burners. With 
< these gases and a temperature of 400°-450° a yield of 98 per 
cent, is obtained (Knietseh). A large amount of heat is 
evolved in the reaction (cf. p. 43), and the catalytic mass 
has to be cooled by using a mixture of cold and preheated 
gases, as described below. 1 

As catalysts the following materials have been proposed : — 

(1) Platinum, in different forms (10 per cent, platinized 
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asbestos, platinized ferric oxide, and in the Grillo process'’ 
platinized magnesium sulphate). 

(2) Oxides and sulphates of iron, «ehronijuni, nitkel, 
cobalt, manganese, uianiuin, vanadium, copper. 

il) Oxygen compounds* of alumimum, bu\ Ilium, zii- 
conium, cerium, and dkhmtuin. 

(4) Mixtures of (1) with (2) and (j). 

(5) Mixtures of (2) and (j). 

(2), (3), and (5) are used only at high tcmpeiatuies 
(above 6oo°). 

The catalytic action of the platinum uhluls probably 
depends on intei mediate oxide lonnation - 

2Pt j 0 2 ->2l ) t0 , I ’U) | SOr->l’t | SO., 
that of tin 1 oxides on the foi mat 1011 of sulpiiatc— 

2IO0O3 |-6SOj | J( )j->2h'eo(vSO,)3->2hV 2 ( ) :r |-bS0 3 

T.be fo41ow4ng is a briei description oi the Bmlischc 
process 

The gases from the pyrites burneis are liist treated with 
a steam jet in a dust Hue, and arc 1 tlapi c ooled to ioo° C. in 
a tubular lead cooler, alt e 1 whicli they are scrubbed witlT 
water to fiee them from # all traces oi mist, and dried \yith 
concentrated sulphuric acid. They should then show no 
fog in a beam of light. The cooled purified gases are iorced 
through the contaet apparatus (Fig. rb), winch in. the 
Badische process consists oi a number of veitical iron pipes 
containing 10 per cent, platinized asbestos as a catalytic 
material, the whole being enclosed in an outer iion jacket." 
Part of the gas enters this outer jacked near the bottom, 
and passes upwards over the outside of the catalyst tubes, 
from which it takes heat ; this heated gas then mixes w r ith 
cold gas entering at the top. and by regulating the pro- 
portions of gas admitted above and below, the predicating 
is sufficient to cause the reaction, to take place w'hen the 
gases pass down through the crffcilyst tubes. Portions of 
gas may be admitted at different levcjs to make this 
temperature regulation exact ; in any case it is impoitant 
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to time been patented, but the process used is essentially 
the sa*ne. 

In the Schroder-Grillo process (Journ. SocfChcm. hid., 
1903, p. 348) a very active catalyst is produced by soaking 
magnesium sulphate, Mg^O^IIoO, in a solution of the 
platinum salt. On heating in the presence of S0 2 , the salt 
puffs up, and finely divided platinum separates. With 
5 grams of Ft in this foim, one ton of “ oleum ” (IT 0S0O7) 
Is produced per day, with a loss of only 20 mg. Ft. The 
dried gases, usually prepared in brimstone burners, arc 
pre-heated to 26o°-28o°, and are passed into the converter 
consisting of perforated iron tra\s covered with catalyst 
placed* one above the other in a chamber with heal 
regeneration. The temperature is kept at j^-joo 0 , a nr 
the S0 3 , after cooling, is absorbed in a tower with strong 
sulphuric acid. 

In the Fcntclcff process (1911) used at lYtrograd and als( 
in England, flic filtered gases aie scrubbed with soda oi 
milk of lime to remove HC 1 , vSiI' 4 , etc. ; a heat interchange! 
is used, and the reaction completed by passing througl 
several nets of platinized asbestos protected from heat loss ; 

The Clcmm and Hascnback process, first used by the 
Verein Chemiseher Fabrilcen of Mannheim in 1898. Py-utcs 
burner gas is passed over red-hot burnt pyrites (Fe 2 0 3 with 
some CuO), when about 60 per cent. of the S0 2 is converted 
into S0 3 and all the arsenic is retained by the iron uxide. 
The lower conversion as compared with the processes using 
platinum is due to the higher temperature, about 600* 
required. Gases containing 2-3 per cent. V S 0 2 are produced 
from pyrites in special burners covered with sheet Eon to 
prevent entrance of moist air, and air dried in a sulphuric 
acid tower is used. Perfectly dry gases do not react, and 1 
the amount of moisture must be regulated. The gases enter 
from four flues into a tall shaft (Fig. 17) containing burnt 
pyrites at 6oo° on a revolving lieafth, and Co per ceqt. of the 
S 0 2 is oxidized to S0 3 , which is absorbed by strong sul- 
phuric acid. The dry S 0 2 passing on i§ further converted 
by platinum in a* second converter, often of the Tenteleff 
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type. The spent burnt pyrites is separated at the bottom 
of \ic shaft, and fresh burnt pyrites added at the top.,. 

The absorption of the sulphur trioxide at first presented 
difficulties. When passed through water the S 0 3 mist or 
fog is only slightly absorbed, and it was found best to' use 
concentrated sulphuric acid for absoiption, which is then 
rapid and complete, and fuming acid, or oleum, H 2 S 2 0 7 , 
is formed. Three towers are used, the first containing 98 
per cent. IhSOj, which is enriched to 25 per cent. S0 3 , and 
then passes to the second tower, where it is brought up to 
60 per cent. V S0 3 . The third tower contains 60 per cent. 



H 2 S0 4 , which is brought up to 98 per cent, for use in the 
first tower. 

The following commercial products are made 1 — 

(1) Monohydrate, or 100 per cent. H 2V S 0 4 , melting-point 

10 °. 

(2) Oleum, or fuming acid, H 2 S 2 0 7 or 2S0 3 .H 2 0, melting- 

point 34 0 . 

Pure S 0 3 melts at 40° ; acids containing from 40-60 per 
cent, excess S 0 3 and from 70-100 per cent, excess S0 3 
are solid ; those containing less than 40 and between 60 and 
70 per cent. S 0 3 are oily liquids. 

Fuming Sulphuric Acid, or Oleum, H 2 S 2 0 7 , is largely 
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used for sulphonating osganic compounds, in preparing' 
nitrating acids, # aiul in bringing weaker acids up to <)8 ^>er 
cent. II0SO4 without expulsive concentrating rfplant. It is 
an oily, strongly fuming acid, usually brown in colour owing 
to 'he presence of a tiaee ftf oiganic niattci. It should not 
be kept in cast-iron vessels (which howevci usist the mono- 
hydrate), as it permeates and cracks tlieiw, but is best soiled ' 
and transposed in vessels ot foiged ii on, which lesisl acid 
containing more than 27 pe 1 cent SO :! , and these* should not 
be closed air tight. On account of the* possible* liberation 
of hydtogen, emptv vessels should not be' examined by a 
naked light until the air has been s\upt out 

Coifriderable ((uantities of acid are* made 1 b> the contact 
process ; in 1900 tlu* Badische woiks alone* made* 116,000 
tons. Mail)' new woiks have been erecteel in recent }ears 
in most countrie*s, including Kngland, as huge* quantities 
of strong acid are reepiireel in the* nitration pioccsscs leading 
to the production of explosives. 

The relativ ursts of pioduction of 1 ton 1 1 2 vS 0 4 were 
stated to be*, in Oeynany, lor a plant producing 20 tons 
monohvdrate* dailv, as follows . — , * 

/ s ‘- e/. • 

(1) Old chambri proa >s^\ith hand pyrites kilns 1 7 oj 

(2) Now chnmlx'r pi 00 ^ > with pht< (own end tn< - 

chanical liiinat ( s . . 1 e 4$ 

(3) Contact process 1 0 led 

The new chamber processes wen then just holding^tlu ir 
own; further* improvements in tlu* contact process may 
ultimately oust them, although many 11c w plants are in 
course of erection. Another defect of the chamber process 
is that the maximum strength of aeid produce d by concen- 
trating chamber aeid is 98 per cent. H 2 S 0 4 ; in modern 
works the chamber and contact pioccsscs are worker^ 
together, when aeid of any concentration may of course be 
produced. 
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Section III.-NATURAL SODA AND 11! K 
LEBLANC PROCESS 

Natural Sources of Soda. — vSodium carbonate occurs in 
many ^mineral waters (eg. Vichy water with 38 per cent. 
Na^COg). It is also found as an efflorescence, known as 
natron or tvona (Egypt) ; or urao (Mexico), produced by the 
evaporation of alkaline lakes. In Lower Egypt several 
thousand tons of trona, Na 2 C 0 3 NaIIC( ) 3 . 2 H 2 0 , are produced 
annually frojji Uona lakes, expoited from Alexandria, and 
used in soap manufacture. This Egyptian natron (fcfhuerly 
called nitnun) was known to the ancients, but was not used 
as a detergent, Neither was soap, made from wood-asjies ' 
and tallow, which was apparently list'd as a pomade (Pliny) . 
There are also alkali la kgs in the desert east and west of the 
Rockies, c.g. Oweii’s Lake in California, which is cstinhuecl 
to contain 20-50 million tons, and yields soda by simple 
crystallization. Recently, important deposits have been 
discovered in # British East Afiica, at Magadi, 370* miles 
from Mombasi, which are 30 sip miles in extent and estimated 1 
to contain 200 million tons. The Magadi Soda Co., formed 
in 191 1, calcine this soda, which gives a “heavy finish" 
(cf. p. 93) ash containing 99 per cent. Na 2 C 0 3 with .a little 
iron, which may be separated. The chief difficulty appears 
to be the cost of transpoit, but the product is profitably 
sold to China and J apan. # 

Ashes of plants growing near the seashore, or salt- 
springs, are rich in soda (planj^ from the sea itself yield 
chiefly potash) ; such plants are C heno podium , Salicornia, 
Salsola , etc. Previous to the invention* of the Leblanc pro- 
cess, soda was extracted from the ashes of these plants, and 



60 ALKALI INDUSTRY 

i \ 

*in Normandy and in Spain they* arc still worked to some 
extent for soda and other products. t 

The Leblanc *Soda Process.— History of the Leblanc 
Soda Industry . — As already described, the soda used in the 
manufacture of soap, and otliel industries, was formerly 
produced by burning certain maiine plants. 

^ft the close af the eighteenth century the French 
Academy offered a prize for the invention of a process of 
preparing soda from common salt. In 1787 Nicolas 
Leblanc, a plnsician to the Duke of Orleans, discovered 
such a process, which still bears his name, and he obtained 
money from his master to erect a woiks at vSt. Denis in 1791. 
I11 1793 the Duke was guillotined by the Revolutionaries, 
and the works were closed During the period of isolation 
following the Revolution the supply of soda in France ran 
short ; the Committee of Public Safety compelled Leblanc 
to make his process known, and handed over the St. Denis 
works to him. Owing to failing means and Health, he was 
unable to work the factory, and in iSof> he retired to a 
workhouse, where in his misery he committed suicide. His 
countrymen decided iv 1886 to erect a monument to the 
unfortunate inventor, whose 1 work has enabled manufacturers 
in -various countries to cieate a very important and lucrative 
industry. 

, After the repeal of the salt-tax in England, the first 
successful alkali woiks in the country was erected in 
Lancashire by Muspratt in 1823, using the I'eblanc process. 
The soda was solel at an extremely low price in order to 
induce the buyers of natural soda to try the new product. 
Previous to this, Losli of Walker-on-Tyne had made some 
soda by the Leblanc process, visiting France during the 
* Peace of Amiens (1802) to get the necessary information. 
This industry led to the establishment of sulphuric acid, 
hydrochloric acid* chlorine, and bleaching-powder works, 
and more alkali works were then erected where deposits 
of coal and salt v r ere near at hand- — at Neweastle-on-Tyne, 
St. Rollox (Glasgow), Widnes, and St. Helens. These are 
still in operation under the control of the TJnited Alkali Co. 
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In 1866 the ammonia -joda process was introduced, and* 
owing to competition the price of soda decreased from £13 
to ^4* per ton* {At present the Leblanc prpeess is not 
remunerative for the production ot soda alone, but is only 
worked for salt-cake, caustic soda, hydrocliloiic acid, sulphur, 
and wet-copper extraction* In i8c> 5, with the intioduetion 
of electrolytic processes, another severe # blow was giv n 1o* 
the Leblanc process. Of late, however, the pioductioli oi 
salt-cake (Na 2 S0 4 ) for glass-making by the fust ])ait ol the 
process has increased. Only two Leblanc works exist in 
Germany. The soda industry in Russia is practically con- 
fined to the Donetz region, where the salt is mined, on 
account of the high transport tariff. 

The Leblanc Soda Process.- -The Leblanc soda pro- 
cess consists of tw r o paits — 

(1) The sail-cake process, in which sodium sulphate is 
produced by heating salt with sulphuric acid— 

(1) NaCT-j HoSOj - -- NallSOt | HC1 (low temperature) 
(ii) NaCl-l-NaHSOt -- Na 2 SO r | IIC1 (high temperature) 
Large deposits <*f natural sodium sulphate occur in 

Persia and the Caucasus, as well as in the water of (twill's 
Lake, California (see p. £0). It is, however, nearly all made 
by the salt-iakc process. 

(2) The Black-ash' process, in which the salt-cake is 

heated with limestone and coal to produce sodium 
carbonate. The work of Kynastou, Gossagc, and 
Seheurer-Kestner (1858-1867) showed, as was 
later conclusively pioved by Kolb, that the re- 
action occurs, probably in two stages, as follows 

(i) Na 2 vS0 4 d-2C-Na,S |-2C0 2 

(ii) Na 2 S-f CaC03=^i 2 C0 3 -hCaS 
Previous theories of the process (e.g. Dumas ) are incorrect. 
In the black-ash process the reduction apparently takes 

place by the free carbon taking oxygen from the sulphate 
to form carbon dioxide — 

Na 2 S0 4 ^Na 2 S+ , 20 2-i 

2C+20 2 ^2C0 2 



02 ALKALI INDUSTRY 

e Carbon can act as a reducing a^ent in three ways, accord- 
ing as it forms C 0 2 , or CO, or CO followed by the combus- 
tion of this to C 0 2 <- 

(1) C+ 0 2 ->C 0 2 -f- 97,600 cal. 

( 2 ) CO- + 0->Co|+68,ooo cal. 

(3) C+O-KX) -f 29,650 cal. 

o 

Reaction (2) is the one usually met with ; (3) is important 
in the blast furnace, and (1) is only concerned in a very few 
reactions, including the Black-ash process. The heats of 
combustion per atom of oxygen in the three cases are, 
respectively, 48,800, 68,000, and 29,650 cals. But the 
reducing power of a given process is not accurately estimated 
by the heat of reaction ; it is the available energy which 
gives a true measure of the affinity (cf. p. 117), and this 
depends on the temperature and the concentrations of the 
products. The heats of reaction also depend on the tempe- 
rature, and the two magnitudes, heat of reaction Q„ and 
affinity A have been determined for the three cases : — 

(1) C+ 0 2 ->C 0 2 

Qv— 97 - 2 7 ^+°’^° 4 1 ^ 2 

A(c, o„) = 97 > 2 7 ^ — 1 4 ' — 0 1 ^' 2 _ l“ 4 ' 58T log ^ 0> 

Pc o 

2) C4-|0 2 -^CO 

Q„ =29,988 — 3'4T +0-0077T 2 

, A ( c, 4 o 2 ) =29,988 +7 82T log T— 0-0077T2— 4 -6 iT 

+2-2 9 Tlog^ o 

3) C 04 -| 0 2 -»C 0 2 

Q„ =67,2904-3-4'!’— 0'0036T 2 

Ajco.io,) =67,290 —7-82!' log T-IO-02T-0-0036T 2 
+2-29Tlog^f™ 

p 2, co 2 

These equations are of consideiable importance in the 
theory of reduction processes, as in metallurgy. If we 
consider," for instance, the 1 eduction of an oxide — 

MO+C-»M+CO 
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tlie process will occur only # when the available energy of the* 
reaction — 

C+J 0 2 -»C 0 

is greater than that of the reaction — 

The available energy of reactions qi the second iype 
cannot usually be given accurately, as very little work* has 
been done on the subject ; one usually considers the heat of 
reaction at absolute zero (T-~o), which is equal to the 
available energy at that temperatuie — 

A x ~ 0 “Qt^o 

Another method depends on the application of Nernst’s 
theorem (“Thermodynamics/’ p. 506). 

In the Black-ash process, the heat absorbed in the 
reaction — 

Na 2 h'0 4 .--=Na 2 ST 2 <) 2 

is 240,000 cal., which is equal to A at T=o. The process 
occurs in a reducing atmosphere (p 0t small) at a temperature 
of about 8oo°, hence if we put T—iooo in the equation k>r 
4 A( C|0 j we find the available energy to be about 300,000 eak, 
and therefore sufficient *lo effect the reduction of Na 2 S£L 
to Na 2 S. 

The Salt-cake Process.— In this process, half a ton ol 
coarse-grain salt is charged into a large hemispherical cast- 
iron pan, and an equal weight of sulphuric acid, sp. gr. 17 
from the Glover tower is added from a lead cistern. The par 
is heated by hot gases from the hearth or muffle, and 65 pel 
cent, of the HC 1 escapes through a flue and is absorbed 
(“pan acid"). The residue is then raked on to art oper 
hearth (Fig. 18), or, in more modern furnaces, into a muffle 
(Fig. 19), where the second part of the reaction is completed 
the mass being stirred by iron rakes. The rest of the acid 
(“ roaster acid ") then escapes apd is absorbed separately, 
The residue of salt-cake, Na 2 vSQ 4 , emitting HC 1 a* S0 3 , is 
discharged into iron trucks. 

The pan is made of cast iron with a high combined 
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carbon, but low graphite and silicon, * content ; it is io ft, 
in diameter, 2 ft. deep, and about 2\ in. thick, the bottom 
being about 6 in. thick. It rests by a flange over asbestos 
or other heat-insulator, on a firebrick support, the outlet 
pipe from the brickwork cover being of stoneware, icid- 



resisting alloy, or silica. The pan must be very uniformly 
heated. 

The muffle roasters are now preferred to v the old open- 
hearth furnaces, as the products are less contaminated by 
the fuel used, although the yield of acid from the open 



hearths was greater. Modern furnaces turn out 85 tons of 
salt-cake per week. 

Mechanical furnaces are often used ; such as Mactear's 
(1879), which has a ‘revolving bed with a fixed arch 
(Fig. 20). The mixture is fed continuously into the middle of 
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the hearth, and is raked by revolving scrapers to the circum- 
ference over which it drops. They are usually fired by 
coke. These furtiaces give a more uniform stream of gas, 
but require a more elaborate cooling plant for the gas. 

beacon (1876) introduced the “plus pressure" furnace, 
in which the grate is on it level 5-12 tt. lower than the 
muffle. The pressure of the ascending cqlumn of hot g >es 
balances the suck of the cliimne}', and prevents leakage 
from the muffle. 

Technical salt-cake contains about o\; per cent, free 
H 2 S 0 4 , 01 per cent. Re, and o\| per cent NaCl. The 



simultaneous presence of NaCl and IIovSO.j in the salt-cake^* 
is due to the fact tlujt the # reaction — 

2NaCl • bH 2 S 0 4 ^Na 2 S 0 4 -I-2IICI 
is reversible, and cannot be quite complete unless an ex- 
cess of H 2 S 0 4 is used, when the influence of mass rmrices 
itself felt. 

The preparation of salt-cake and hydrochloric acid from 
salt and sulphuric acid is an example of the general method 
of preparation of an acid. I11 this, a salt of the acid is acted 
upon by another acid. A state of equilibrium then results, 
in which all four compounds are present — • 
RX+HA^RA+HX 

The suitability of the method from the point of view of 
producing pure acid HX will be determined by the foHowing 
conditions • 

(1) HX is volatile — it is then distilled off by heating 

B. 
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(e.g. hydrochloric acid, nitric acid). As HX 

passes off, more and more is formed to maintain 
the equilibrium composition, and finally nearly, 
but not quite, all the HX may be separated. 

(2) RA is insoluble — it is 4 hen filtered off, and 2the 
solution will contain the acid HX. Thus chloric 
- ■ acid may be obtained by precipitating a solution 
of barium chlorate with sulphuric acid — 

Ba(C 10 3 ) 2 -f H 2 vS0 4 ”-BaS 0 4 [-2HCIO3 
The inllueuee 01 volatility and of insolubility of a com- 
ponent on the state of equilibrium was clearly recognized 
by Bcrthollet, who explained many instances where a 
reaction apparently went to completion, in this way. 

A specially pure variety of salt-cake, containing not 
more than 0*02 per cent. Fe, is required for glass-making 
(largely carried out at St. Helens), and is specially manu- 
factured by the Hargreaves process, described on p. 70. 
If salt-cake is dissolved in water and treated ’with limestone 
to precipitate iron, Glauber's salt, NaoSO^ioHoO, crystal- 
lizes out 011 evaporation. If fused* with coal in “open 
hearth ” roasters, C0 2 i s evolved, and the mass thickens — 

Na 2 S0 4 +2C ^Na,oS +2CO0 

O11 bi caking up, lixiviating, and crystallizing, sodium 
sulphide , Na 2 S.qH 2 0 , separates. It is used for sulphur 
dyes, and as a depilatory in tanneries. It should be stored 
in paraffined or lead-lined steel drums for transport, not 
in barrels, which it permeates. 

Absorption of Hydrochloric Acid.— Formerly alkali 
manufacturers turned their HC 1 gas into the air, with such 
disastrous effects on vegetation and buildings that the Alkali 
Acts of 1864 and 1874 were passed, according to which alkali 
manufacturers are compelled to absorb the hydrochloric 
acid so that the chimney gas does not contain more than 
grain HC 1 per cu. ft., or the effluent gas from a sulphuric 
acid works more than the equivalent of 4 grains per cu. ft. of 
total acids expressed as S 0 3 . This absorption is a matter 
of no difficulty, as the affinity of HC 1 gas for water is so great 
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that even hot water or stcajn will condense the greater part of* 
the gas, and coke towers for its absorption were introduced 
by Gossage as early • • 

as 1836 at Messrs. 

Cro.dield’s works at 
St. Helens. They 
absorbed the hydro- 
chloric acid from 25 
tons of salt per day, 
and so completely 
that the exit gases 
produced no turbi- 
dity in*a solution of 
silver nitrate. 

The hot gases 
from the salt-cake 
furnaces at 250° C 
are cooled, citftci by 
passing through st me 
tanks or batteries of # 
tubes made of iron, 
stoneware, or even 
glass (English works), 
or through a num- 
ber of stoneware 
Woulffc’s bottles 
with a counter-flow 
of water (Continent). 

They are then ab- 
sorbed in large 
towers, filled with 
coke, earthenware 
balls, or perforated ^7 
discs (Fig. 21). A 
spray of water de- 
scends from the top 



l-K., 21 — hydrochloric Acid Towers. 


of the towers. The gases from the pan and roaster are 
usually absorbed separately, the former giving a purer acid. 
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' The towers are built of sandstonp slabs previously boiled in 
tar, and clamped or bolted together with iron ; they are 
about 60 ft* high. 0 The strength of acid" produced!* (only 
concentrated acid, about 33 per cent, of HC 1 , is saleable) 
depends on the concentration of the gas and the temperature 
of absorption. 


< 

f'onc I 1 C) 111 
gas by \oI 
IOO 

5 

10 

5 
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By the use of acid pumps of stoiuware, ebonite, or acid- 
resisting alloy, the absorption liquid may be circulated, 
and 33 per cent, acid produced directly, even from weak 
gases (c.g. Hargreaves gas, 10 per cent. HC 1 by vol.). 

The problem of the absorption of a gas by a liquid is 
somewhat complicated if more than one substance is present 
in the gaseous phase, but in the case where pne constituent 
is very soluble and the others only sparingly soluble, as when 
a mixture of hydrogen chloride and air is passed into water, 
w ri can deduce the practical results by means of two prin- 
ciples : — 

(1) The soluble component in* the gas phase will come 
to equilibrium with that in the liquid, i.c. the liquid phase 
will cease to take up more of the soluble gas, when the partial 
pressure of the substance in the gas has a certain definite 
value at a given temperature. The higjier this partial 
pressure, the more concentrated will be the solution in 
equilibrium with the gas ; in several cases the concentration 
of the solution is simply proportional to the partial pressure 
(law of Henry and Dalton) — 

Ci^-Kpi 

With very soluble gases such as HC 1 , this simple proportion- 
ality no longer holds ; in such cases the effect of increased 
partial pressure is less than it should be on the simple law, 
i.e. less gas is absorbed at higher pressures — 


c x =kp H (n>i) 
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(2) The concentration* ot the solution in equilibrium* 
with the gas pjiase at a certain partial pressure depends 
on the temperature, and (with the exception *of the gases 
argpn and helium in water, which show a maximum about 
20°) it diminishes with r^sc of temperature, i.c. the gas 
becomes less soluble. In some cases the whole of the gas 
can be expelled from the solution by boiling (eg. ammonia), 
but in the case of aqueous hydrochloric acid there is a 
maximum on the boiling-point-composition cuive, and at 
this point the liquid distils off with unaltered composi- 
tion. Acids weaker than the maximum boiling-point 
mixture lose water, those stronger lose hydrochloiic acid, 
until the maximum is reached, and then distil over un- 
changed. Such an acid is not, however, a definite hydrate, 



Fiu 12 -( Vllanus Ivucuvei. 


* 

because its composition alters with the total pressure undei 
which distillation occurs. 

I11 Germany the very efficient stoneware Cellarius 
receiver (Fig. 22) is often used instead of towers. Winter 
ilow^s over the saddle ; gas goes in and out at the top. 
These are arranged in series, and water-cooled. t 

Commercial hydiochlorie acid, called spirit of suit, or 
muriatic acid, is transported in glass carboys, or in railway 
tank wagons with waxed-wood linings. It is used for the 
manufacture of chlorine, and thence of bleaching powder, 
of chlorates, etc. ; in the colour industry ; in metallurgy ; 
for purifying coke, iron ores, clay, animal charcoal, etc. ; 
for preparing C0 2 ; in tinning anti galvanizing ; in pottery 
making ; tor Ireezing-mixtutes (HC|,-f Glauber's salt) ; and 
in conjunction with nitric acid (as aqua regia ) as a solvent 
for gold and platinum. 
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The pure acid may be made' by separating the arsenic 
from the crude acid by washing out the Asp 3 with t§r-oils, 
and then separating the H 2 S 0 4 and non-volatile impurities 
by distillation. It is, however, best made by starting \yith 
pure salt and sulphuric acid in glass or earthenware retorts, 

( and absorbing in stoneware receivers. 

the HargreaVes Process.— In this process (Har- 
greaves, 1870) a mixture of air, steam anti sulphur dioxide 
is used instead of sulphuric acid to liberate HC 1 from salt, 
at a temperature of 4oo°-5oo° C. — 

2NaCl + S0 2 +0+JI 2 0 --Na 2 S 0 4 - (-21101 

H 2 S 0 4 « 

Possibly, Na 2 vS () 3 is formed as an intermediate product, and 
then oxidized. The salt is moistened and allowed to fall on 
a travelling belt, where it is beaten into a cake i§ in. thick. 
This is cut by knives into pieces 3! in. square, which pass 
through an oven, from which they emerge dry, and fall oil 
the belt. This preparation of the salt is very important 
for the proper working of the process) as it is necessary to 
obtain porous cakes ‘free from powder, which otherwise ' 
would choke the converters. Thpse are stacked in kilns 
‘of brickwork, or in large cast-iron cylinders 18 ft. diameter 
and 12 ft. high, ten being used in two rows of five to form 
a battery. Hot gases from special pyrites burners pro- 
tected from heat loss, mixed with the requisite amount 
of superheated steam, pass down the cylinders on the 
pounter-current system, eight cylinders being in action at 
a time, and two refilling. Fifty tons of salt are put iu each 
cylinder, and the process goes 011 for three weeks without 
renewal. The temperature, which is kept up without 
* external heating, must not exceed 6oo° C., otherwise fusion 
occurs. The gases are drawn off by a porcelain exhaust, 
and led to cooling pipes and absorption towers ; they 
contain 10 per cent. HC 1 by volume. Each battery produces 
7000-7500 tons Na 2 SQ 1 per year, but the process is slow 
and requires careful working. Still, it has been used success- 
fully in England since 1872, and is also wed in France and 
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Germany. No external heating is required when the' 
process is set gqing, and economy of fuel is thus effected. 
For 1 ton salt-cake — ' * 

3 cwt. coal arc required for the cylinders 
1 „ • piepaung the salt-bucks, 

o 75-1 ,, ,, raising steam 

4-75-5 cwt. total. 


Up to 8 cwt. may he used, but the consumption of fuel in 
no case exceeds that used for preparing sulphmic acid and 
in the salt-cake process, when the latter is used. 

It has recently (1907) been pioposed to add o'l-ro per 
cent, copper or iron salts to the salt-bricks to promote the 
reaction, this of course lowers the purity of the product 
slightly. 

The relative advantages and disadvantages of the Har- 
greaves process, as compared witli the salt-cake process, 
are as follows 

A dvantages. Disadvantages . 

(1) Higher grade of sal^-cake (i) Greater cost of plant. 

(2) Saving in space. (2) Careful supervision required, 

to,, of repairs when tins fails. 

(3) 1 os. pel ton lower process costs (3) The 1 1 Cl cannot be used in the 

v Deacon process, as the SOo 

present in it acts as a catalyst 
poison 

The Black-ash Process. — The charge used in the 
black-ash furnaces is — 

1 htor < hcul Praihcal. 

Salt-cake .. .. .. ioo 100 

Limestone . . . . . . 79‘4 2 100 

Coal .. .. .. •• it) 9 35' 5° 

The original proportions used by Ueblanc were — 

Salt-cake . . . . . . ioo 

Chalk ioo 

Charcoal . . . . . . 5° 

The extra limestone and coal are used to allow for 
impurities, and also to impart porosity to the product, owing 
to the occurrence of the reaction : CaCp34-C— CaO-j-2CO 
at the last stage of the process. 



The limestone or chalk should be pine, especially free 
from magnesium. Tyneside works use cjialk brought as 
ballast front the Medway ; Lancashire works use the very 
pure Buxton limestone. The coal should have as little aisli 
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as possible, but as slack is always used it often contains, 
after washing, 5 per cent, ash ; up to 8 per cent, is tolerated. 

No reaction occurs till the mass becomes past}', when 
decomposition is lapid and complete. 

The reaction is still largely carried out in handworked 
black-ash or “balling ” furnaces (Fig 23), in wVicli the charge 
is worked on the hearth by men with iron rakes, and is finally 
worked into lumps or “ balls.” About 5J cwt. of salt-cake 
may be so worked up in an hour. The balls arc 1 then taken 
qu iion trucks to the 1 fixiviators. 

Klliott and Russell in 1853 introduced revolving furnaces, 
but these gave too hard an ash. The first successful rotating 



Pig. 24. — Revolving Furnace. 


furnace, or “ revolver,” was patented in 1855 by Stevenson 
and Williamson. Thesy revolvers (Fig. 24) are 15-20 ft. 
long, and are constructed of iron plates lined with firebrick. 
Those at Widnes and Str Helens are sometimes 30 ft. long 
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and 12 ft. in dianuter. Athirst the furnace is tinned .slowly, 
but bjially spelled up to 5 to 6 1 evolutions per minute. 
Tint charge, which is iatioduced in one batch* consists of 
2 t^ns salt-cake, 2 tons clashed lmnAoiic, and 1 ton of coal 
slack, and the rotation is ^continued until a yellow llame 
of carbon monoxide appeals. The end-point is judged by 
an experienced workman, and is a matter of considerable 
importance. The Muck-ash is then dischaigul into trucks, 
the yield being i£ toils pei Ion of salt-cake Sometimes 
a little more salt-cake and hmeston are added to make the 
mass halve the converter more easily. The black-ash is a 
mixture of sodium carbonate, sodium sulphide (ptoduced 
by the 'reaction Na 2 S() 4 | 4C - Na 2 S | 4CO), linn*, and un- 
changed lime done and coal It is allowed to wvather a day 
or tw'o, w'hen it becomes poioiis, and n then lixiviated. 

Tixiviation is usually canied out 111 Shanks’ lixiviating 
tanks. These wank on the discontinuous counter-cum lit 
principle, tile fresh waiter bung put into a tank containing 
nearly spent ash, and the concent ratal liquors used in 
leaching the freshly* added material. The liquors are 
conveyed from the bottom of one tank to the top of another 
by means of siphon pipes with stopcocks. 

The conditions for ePieicnt lixiviatnm arc— 

(1) The blaek-ash should be as uniform as possible, so 
as to lixiviate rapidly and equally. 

(2) The lixiviating should be conducted as rapidly '4* is 
compatible with complete exhaustion; caustic soda and 
sodium sulphide are produced on long standing— 

Na 2 C 0 3 +Ca 0 -f Il 2 0^-2Na0IH-CaC() 3 
Na 2 C 0 3 | CaS-Na 2 S | CaC() 3 

(3) The temperature in the weak vats should not exceed * 
35° C., that in the strong vat.-, should not be above 6o°. 
Rise of temperature promotes caustifieation. 

(4) The tank waste should be hs completely as possible 
freed from soluble sodium salts. 

The liquors are evaporated, either in [ttms with hot gases 
passing over the .surface (cf. Fig. *23), or in Thelen pans. 
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* These (Fig. 25) are pans with Revolving scrapers. Crude, 
dark-coloured crystals of carbonate, Na € oC 0 3 .H 2 0 l then 
separate, which are fished out with skimmers and recrystal- 



i'lo 25 — TJiclcn I’an. 


lized, to form washing-soda, Na 2 C 0 3 .ioH 2 0 , or else calcined 
to produce soda-ash, Na 2 C 0 3 . 

I11 most Iveblanc works, however, caustic soda is now 
produced directly from tank liquor by criticizing with 
lime (70 to 80 per cent, of the soda in the liquor is present 
as carbonate), either by mixing with milk of lime in a vessel 
heated by Hue gas or exhaust steam, and provided with 
mechanical stirrers, or else heating in a tank containing a 



Fig. 26.— Causticizcr. 


cage of quicklime, stirring, and blowing in steam (Fig. 26). 
Air is then blown fa to oxidize iron, which settles out, and the 
caustic liquor is filtered* through coke resting on a bed of 
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limestone in a tank, under vacuum. In some eases air blow ing * 
is uset^for agitation. 

The reaction — 

* Na 2 CO 3 +Ca( 0 Ii) 2 ^CaC 0 3 !-2NaOII 

« 

is reversible, and it is found that 

(1) The lower the percentage of carboftate in the original 
liquor the greater is the conversion to caustic. 

(2) The higher the concentration, the hss fuel is required. 

In practice, a compromise is made by using liquor of such 

a strength as gives a caustic solution of sp. gi. ri, when 
91-92 per cent, of the soda is causticized. 

The caustic liquor is lirst evaporated to sp. gr. V2 in 
iron pans heated by the waste lieat of the revolver furnace* 
(ef. Fig. 24), 3-4 tons of the q-io ton^ water present per 
1 ton caustic in the liquor are thus driven off. The liquor 
is then run into the soda-pots, which are iron pots io ft. in 
diameter and 6 # ft. deep, and boiled down to sp. gr. i'4>-i‘5, 
after which the liquor is allowed to settle, and the clear 
portion baled out witk an iron ladle into another soda-pot, 
where the evaporation is continued ever a free lire uufil 
the temperature reaches 4<)0°-500° and the fused caustic 
has attained a dull -red heat. At this point a black scum 
of giaphite, from decomposition of cyanides, separates. To 
free it from sulphides and cyanides a handful of sodium 
nitrate is added to each 15* ton batch of caustic at this stage 
(Ralston, i860).* Aceoiding to Funge the reactions are — 

(1) Na 2 S-l-3NaN0 :r -Na 2 S0 3 -|-3NaX() 2 (140° C.) 

(2 a) Na 2 S-{-NaN0 2 H-2H 2 ()--=Na 2 S0 3 -|-Na0H-|-NII 3 
(2b) Na 2 S+2NaN0 2 +II 2 0— Na 2 S0 3 -f 2NaOII+N 2 

(about 152 0 C.) 

( 3 ) 5 Na 2 S 0 3 -|- 2 NaN 0 3 - 1 II 2 0 = 5 Na 2 S 0 4 + 2NaOH +N 2 

(above 360° C.) 

The caustic is baled out info iron drums, tjie last 
portions being impure. Preliminary evaporation to ioo° Tw. 
is now usually carried out in vacuurfi evaporators of 
double or triple effect. Such an evaporator unit is shown 
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in Fig. 27. It consists of a*seiics of tubes contained 
in an outer jacket and heated by exhaust steam, through 

which the liquid to be con- 
centrated flows. There . ; s a 
l\ead at the top, and the foam 
produced in the tubes, which 
acquires a rotary motion 
which assists in separation, 
here is condensed to liquid 
and runs oh. The steam 
then passes to the next unit, 
which is under a higher va- 
cuum (ef. p. n). 

Solubility Product ; 
Theory of Caustification.— 
If we consider a solid salt in 
equilibrium with its saturated 
solution at a given tempera- 
Uue, we have in the solution 
not only the molecules of salt, 
but also tile ions produced 
by electrolytic dissociation of 
these molecules. Thus, with 
common salt — 

NaCl^Na'+Cl' 

In the solution there is an 
equilibrium between the ions 
and undissociated molecules, 
and if we assume that the law 
of mass action applies to ions 
we shall have— 



[Na*][Cl' | 
[NaClj 


Fig 27.— Kcstner Evaporator. 

But [N ( a*] = [Cl / ], hence- 

, [frap 7 [ NaCl]=K 

It must be observed that the equation is only very 
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approximately true in Jhe case 01 strongly ionized • 
salts. 

At # a given temperature K is constant. But so is the 
solubility S of the salt, which is assumed to depend only on 
the undissociated part, lieuw — • 


[NaClj.K— [Na*][Cl r | - constant 

The product [Na*J[Cl'] is therefore a constant at a given 
temperature, and is proportional to the solubility S, since 
the latter is in turn proportional to the concentration of the 
undissociated salt in a solution containing it alone. If 
the salt is sparingly soluble, it is practically wholly ionized, 
and either ionic concentration is equal to the solubility S. 

If now Cl' ions are added to the above solution, say by 
adding hydrochloric acid, the product [Na*][tT] is increased, 
and sodium and chlorine ions must be removed by precipita- 
tion as sodium chloride to restore the equilibrium value. 
This is iu fact # th< basis of the usual method of preparing 
puie NaCl. 

The theory of the process of causti heat ion may now be 
developed from the solubility product formula:--- 

[Ca''][OH'] 2 ---K* 

. |Cu-j[C()' 3 ]-,K 2 

Then we can see that the eausticizing stops when the 
solubilities of calcium hydroxide and carbonate become 
equal, and this will occur at a point when a definite amount 
of sodium carbonate lias been converted into caustic. As 
the carbonate concentration in the solution decreases, the 
solubility of calcium carbonate will increase, and the simul- 
taneous production of sodium hydroxide wall depress the 
solubility of calcium hydroxide until at a certain point the 
solubilities of the two solid phases become equal. Then — 


or 


rCa**l -- 1 = 2 - 

L J "“LOH'] 2 [CO' 8 l 

[OH'] 2 K, • 

[C0' 3 ] k 2 


With increasing concentration the equilibrium is shifted 
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from the livdroxide side to the carbonate side, because the 
[C0' 3 ] concentration is involved simply, but the [OH'] 
concentration as the square. This, as wd have mentioned 


in the preceding section, is in agreement with experience. 


Initial conccntialmn 
of Na,CO a 
Normal . . 

2 Normal ♦ 

3 Normal 


Tt ii] pc rat uro 

. IOO° 
loo 0 
• I5°° 


PcrccntaRO caustification 
at equilibrium. 

99 I 
97 & 

93 2 


The yield is found to be practically independent of the 
temperature, hence the heat of reaction must be practically 
zero ; on this account no improvement can be anticipated 
by working at higher temperatures under pressure in an 
autoclave, although patents for this process were taken out 
by Parnell in 1877, and failed after extensive trials. 

The equations show that a better yield should be obtained 
with strontia or baryta instead of lime, as the hydroxyl ion 
concentration is much higher in saturated solutions of these 
bases than in the case of lime, on account of the larger 
solubilities, and the solubilities of the carbonates are also 
less. Thus strontia with a 3 to 4 normal solution of Na 2 C0 3 
gives 99 per cent. NaOH. I11 the caustification with strontia * 
heat is evolved, and the yield will thus be increased at lower 
temperatures — a result which is at first sight quite in con- 
tradiction to “ practical common sense." 

There is always a loss in the caustification of soda with 
firm?, on account of the formation of double salts — 

Na 2 Ca(C0 3 ) 3 above 40°, i.c. in boilers ; 

• Na 2 Ca(C0 3 ) 3 .5H 2 G, below 40°, i.c. in filters ; 

which are sparingly soluble. These double salts are stable 
only when the liquid phase contains not less than a certain 

# concentration of Na 2 C0 3 ; they are decomposed by pure 
water. Hence practically all the soda may be removed by 
lepeatedly washing the residue with water (Smith and Idddle, 
1881). In practice, 2 ppr cent, of the soda is left in the 
lime sludge, partly because complete washing would give 
too dilute solutions, ahd partly because a protective layer 
of CaC0 3 appears to form over the particles of double salt. 
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Similar considerations applv to the lixiviation of # blaek-ash. 
The lime sludge is used as a “ liming ” for soils. 

SoiM caustic *soda was first manufaotured .on a small 
scale by Tennants at St. Rollox, in 1845. The real manu- 
facture began in 1853 111 the Lancashire works, and was 
only much later introduced Tm the Tyne, and abroad. 

Utilization of Alakli-waste. —Although the nuisance 
of the escaping acid fumes from Leblanc alkali works was 
completely overcome by the absorption in Gossage towers, 
a formidable difficulty remained in the shape of the so-called 
Alkali-waste, i.c. the residue from the lixiviating tanks, 
which has approximately the following composition — 


Calcium sulphide (CaS) .. .. .. .. jo 

Calcium carbonate (CaCO,) .. .. ..22 

lion sulphide (Ft'S) . . . . . . . . 

Sand and silicates . . . . . . 15 

Soda (Na 8 C0 8 ) . . . . . . . . } 

Lime (CaO) . . . . . . . 10 


Each ton oi soda produced gives tise to the formation 
of if tons of this waste, and enormous heaps accumulated 
near the Leblanc wojks, from which by the action of the 
air and moisture evil-smelling sulplnyetted hydrogen was 
evolved, and dark-coloured polysulphides leached out, 
polluting the rivers amt streams for miles around. I11 
addition, what was perhaps of more consequence to manu- 
facturers, the 20-25 P er cent, of sulphur contained in the 
waste, representing so much costly sulphuric acid, was 
absolutely lost. *111 England alone, 150,000 tons of sulplmr, 
valued at ^400,000, were thus annually run to waste. 

The problem of the utilization of alkali-waste was there- 
fore one on the settling of which the financial success of the 
Leblanc process came to depend, and repeated attempts 
were made to arrive at a practical solution. 

Besides the manufacture of thiosulphates from the 
waste, the recovery process of Chance has overcome all 
difficulties. % 

Sodium thiosulphate, Na2S 2 03.5H 2 0, is prepared from 
tank-waste by oxidizing with air, either bv blowing air and 
steam through a suspension of waste in coke towers, or by 
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exposing the waste to the air for a week, with occasional 
raking, and then lixiviating the product. Calcium thio- 
sulphate is produced, and if this is decomposed by sodium 
carbonate, the sodium salt is formed. The crystals are 
used as an antichlor to remove chlorine from bleached fabrics, 
in photography, in preparing 'aluminium thiosulphate for 
use as a mordant, and in wet-silver extraction. 

Most of the waste is, however, treated by the sulphur 
recovery process. 

The Chance-Claus Process of Sulphur Recovery.-— 

This process (A. M. Chance, ]onrn. Soc. Chew. Ind., 1888, 
p. 162) is practically the only one now used on a large 
scale for the recovery of sulphur from alkali-waste. Chance 
in 1888 perfected Oossage’s process (1838), in which the waste 
was decomposed by eaibon dioxide. Limekiln gas, as free 
from oxygen and carbon monoxide as possible, is passed 
through a suspension of the waste contained in a battery of 
iron cylinders, called Carbonators. Sevefi cylinders of 
15 ft. by 7 ft., on the counter-current system, are used. 
Sulphuretted hydrogen diluted with much nitrogen is 
evolved— 

(1) CaS - j-H 2 0 + C 0 2 — CaC 0 3 |-II 2 S 

This gas is too dilute to utilise directly, so it is passed 
into a second carbonator of waste, where it is absorbed 
with formation of calcium hydrosulphidc — 

(2) CaS THoS — Ca(HS) 2 

If kiln-gas is now passed through this more concentrated 
solution, a strong sulphuretted hydrogen is evolved, which 
is collected in large gasholdeis (Chance’s is 30,000 cu. ft.) 
over water covered with a layer of oil — 

(3) Ca(SH) 2 +C 0 2 + H 2 0 -CaC0 3 -)~2H 2 S 

It will be seen that twice as much H 2 S is now evolved as 
in reaction (1), for the same volume of kiln-gas. 

The sulphur is now recovered fiom the E 2 S by the 
catalytic process of Claus (1882). The gas is mixed with 
air in suitable proportions and the mixture passed to the 
Claus Kiln, which is a brickwork structure having shelves 
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on whica arc placed layers # of bog-iion ore (hydrated ferric 
oxidel which acts as a catalyst — 

•(4) 2 Id 2 S f- O 2 2 1 1 oO |-5S L 

The sulphur is condensed in biickwork chambers in a 
very pure state, up to 80 pyr cent, being recovered. The 
proportions of H 2 S and V S0 2 in the exit gases are determined 
throughout the process and the temperature of the kilns is 
kept low ; the temperature of the exit gases should be about 
290° C. one foot from the kiln, otherwise loss of S in the 
gases occurs. 

In Europe, 80,000 tons of sulphur are annually recovered 
by this process ; about 35,000 tons in Great Britain alone. 
In 1904 the United Alkali Co. at Weston Point pioposed 
to use the II 2 vS by burning it to vS 0 2 , and transforming the 
latter into sulphuric acid by the contact process. The 
usual method, however, is to burn the recovered sulphur to 
produce S 0 2 for this purpose. Carbon bisulphide is also 
made from the Sulphur by heating carbon to whiteness in 
a retort and adding melted sulphur. 

The sulphur cycle wi the Ucblane Process may be repre- 
. sent*, d as follows : — 


Pyrites —>11 2 S() 4 ->Na 2 S0 4 — >CaS (lilac k-ash) 


S<- 


-I 1 2 S 


From 65 to 80 per rent, of the sulphur is reeovered*in 
the cycle ; the n’inainder has to be made good in the form of 
pyrites. 

Diagrammatic Scheme of the Leblanc Process 


Pyrites (45%) Sodium nitrate (97 %) 
O3 parts 1 part 



Salt (97%) Coal. Limestone. 
100 parts 250 parts 120 parts 



Sulphuric acid — 
Sp. Gr. 1 7 105 pts 


T, ^ 

Burnt pyrites 
45 Pts. 

for wet-copper 
B. 


>Saltcake — ->Crude alkali 

120 pts. 170 ots. 

with | 

hydrochloric acid j 

Sp. Gr. 1 iG 180 pts. ,J, * 

• Soda ash, 72 pts. 

• or 

caustic soda, Go pts. 

6 
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exposing the waste to the air for a week, with occasional 
raking, and then lixiviating the product. Calcium thio- 
sulphate is produced, and if this is decomposed by sodium 
carbonate, the sodium salt is formed. The crystals are 
used as an antichlor to remove chlorine from bleached fabrics, 
in photography, in preparing 'aluminium thiosulphate for 
use as a mordant, and in wet-silver extraction. 

Most of the waste is, however, treated by the sulphur 
recovery process. 

The Chance-Claus Process of Sulphur Recovery.-— 

This process (A. M. Chance, ]onrn. Soc. Chew. Ind., 1888, 
p. 162) is practically the only one now used on a large 
scale for the recovery of sulphur from alkali-waste. Chance 
in 1888 perfected Oossage’s process (1838), in which the waste 
was decomposed by eaibon dioxide. Limekiln gas, as free 
from oxygen and carbon monoxide as possible, is passed 
through a suspension of the waste contained in a battery of 
iron cylinders, called Carbonators. Sevefi cylinders of 
15 ft. by 7 ft., on the counter-current system, are used. 
Sulphuretted hydrogen diluted with much nitrogen is 
evolved— 

(1) CaS - j-H 2 0 + C 0 2 — CaC 0 3 |-II 2 S 

This gas is too dilute to utilise directly, so it is passed 
into a second carbonator of waste, where it is absorbed 
with formation of calcium hydrosulphidc — 

(2) CaS THoS — Ca(HS) 2 

If kiln-gas is now passed through this more concentrated 
solution, a strong sulphuretted hydrogen is evolved, which 
is collected in large gasholdeis (Chance’s is 30,000 cu. ft.) 
over water covered with a layer of oil — 

(3) Ca(SH) 2 +C 0 2 + H 2 0 -CaC0 3 -)~2H 2 S 

It will be seen that twice as much H 2 S is now evolved as 
in reaction (1), for the same volume of kiln-gas. 

The sulphur is now recovered fiom the E 2 S by the 
catalytic process of Claus (1882). The gas is mixed with 
air in suitable proportions and the mixture passed to the 
Claus Kiln, which is a brickwork structure having shelves 
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Section TV.— THE AMMONTA-SOpA PROCESS; 
SODIUM, AMI) SODIUM SALTS 

Chemistry of the Ammonia-soda Process.— If carbon 
dioxide is passed through brine saturated with ammonia, 
the following reactions occur consecutively : — 

(1) 2NH 3 -bH 2 0d-C0 2 ---(NII. t )oC0:i 

( 2 ) (NH 4 ),C0 3 -|-H 2 0 |-C0 2 -2Nir 4 IICO :{ 

(3) NaCl I-NIT.JTCO3 ---NaHC() 3 1 Nil t Cl 2igm cal 
The sodium bicarbonate, NallOf ) 3 , is sparingly soluble, and 

its precipitation dep(*nds on the value of the ionic-product— 

• [Na*l[TICO' 3 ] 

at any instant ; when tiie value of this exceeds the solubility 
product of sodium bicarbonate, i.c. the value of the producl 
of the ionic concentrations, [Na*][HCO' :{ ], in a saturated 
solution of the pure bicarbonate, then the latter will be 
precipitated. But the value of the limiting product will be 
less 111 a solution of sodium chloride than in pure water 
since the solubility of sodium bicarbonate' is depressed or 
account of the forcing back of the ionization of the NaTICCfi 
by the Na* ions*of the NaCl, which is much more strongly 
dissociated. As the passage of carbon dioxide continues 
the second reaction commences, and the influence of mass 
of the ion HCO' 3 makes itself felt in addition to that of tin 
ion Na # . Further precipitation then occurs. Graduall) 
the Na # ions are withdrawn from the solution, and the 
precipitation ceases when the value of the ionic producl 
[Na*] [HCO' 3 ] is equal to the solubility product. * At an} 
given temperature the equilibrium ts fixed by the eejuatior: 
of mass action — # 

[NaPIC0 3 ][NH 4 Cl] ___ . 

. ySTaCl] [NH 4 HCO 3 ] 
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The maximum yield of bicarbonate is then seen to 
require — „ t , 

(1) High initial concentration of Na # ions, i.c . saturated 

brine. 

(2) High concentration of NH 3 to facilitate the produc- 

tion Of NH4HCO3. 

(3) Tow temperature to diminish the value of the solu- 

bility product for NaHC 0 3 . 

In practice it is found impossible to realize these con- 
ditions completely, owing to the decreased solubility of salt, 
in presence of ammonia, the dilution of the ammoniacal 
brine by water vapour carried over with the ammonia gas, 
and unavoidable rise of temperature. It is therefore 
necessary to determine what is the most suitable concentra- 
tion of ammonia, as conditions (1) and (2) are conflicting. 
The problem has been attacked from the point of view of 
the Phase Rule, notably by Schreib, Fedotieff, and Janecke. 
An account of this work will be found in a textbook of the 
phase rule, c.g. Findlay’s. 

A patent embodying all the reactions involved in the' 
ammonia-soda process was taken »out by Dyar and Hemming 
in 1838, and works erected in Whitechapel, London. These 
did not pay, and the subsequently erected works of Muspratt 
at Newton, and of Gaskell at Widnes, were also unable to 
compete with the Leblanc process. In 1863 Ernest Solvay 
took out an English patent for an improved process, and in 
1865 started a works near Charleroi, the soda being shown 
at the Paris Exhibition in 1867. 

From this time on the industry began to make rapid 
strides and finally ousted the Leblanc process for the manu- 
facture of sodium carbonate, the latter process now being 
worked only for salt-cake (Na 2 S 0 4 ) and caustic soda. 

The actual working of the ammonia-soda process involves 
many, trade secrets, but as far as can be ascertained the 
general procedure is as follows : — 

Description 1 of the Process.— The brine is pumped 
directly, without preliminary purification, to the ammonia 
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saturators (Fig. 28), which are towers with a series of 
diaphragms with # serrated inverted cups, or “mushrooms,” 
through which the gas bubbles. Ammonia containing a 
traoe of sulphide may be used with iron pipes, as the latter 
become coated with a protecting film of sulphide. The 
tempeiature must be kept below 6o° by suitable means. 
The final gas may be passed through a second tower 1 , or 
through a washer to remove ammonia. The final tower is 
connected with an air-pump to reduce the pressure through- 
out the whole system back to the ammonia stills. 

Carbon dioxide is always presuit in the ammonia (ftom 
the sodium and ammonium bicarbon- 
ates present in the mother-liquor from 
the carbonating tower, from which the 
ammonia is recovered), and the liquid 
leaving the ammonia saturator has the 
following composition 

NaCl NH :} C 0 2 
Gr./Tit. 260 80 45 

To free it from suspended carbon- 
ates of calcium and magnesium, formed 
from the impurities in the brine, it is 
allowed to flow to the bottom of a large i< I(j sumUor. 
tank, whence it passes to a second tank, 
and so on. A clarified liquor of very constant composition 
is so pioduced Ifrom the hundreds of tons of liquor treated 
continuously. The mud is passed to the ammonia stills to 
recover ammonia. The clear ammoniacal brine then passes ’ 
to the carbonating apparatus, being previously cooled to 30°* 
to prevent loss of ammonia. Two types of carbonating 
apparatus may be described ; the one most used is the first. « 

(1) The Solvay Tower . — The liquor is pumped to the 
top of a high tower (Fig. 29), 70-90 ft. high and* 5 -7 ft. in 
diameter, circular in section, made of iron, and containing 
a series of baffle plates. Carbon dioxide pumped ih at the 
base meets the descending ammoniacal .brine, and in the 
lower part otth£ tower there aru Cogswell coolers (1887), 
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consisting of mild-steel tube 



Fig. ly. — Solvay Tower. 


The advantages of this p]ant 


i s expanded into plates in the 
central parts, through, which 
cold water flows. Usually the 
carbonation occurs in *two 
stages 

(i) Formation of (NH 4 ) 2 C0 3 ; 

(ii) Formation of NH 4 HC 0 3 

and precipitation of 

NaFI CO 3 . 

Each stage is carried out 
in a separate tower, and the 
temperature in the second 
lower is kept at 20° C. so as to 
produce a bicarbonate of the 
proper consistency. In all 
cases, hard crusts of bicarbon- 
ate form in tlfe second tower 
and gradually choke it. Such 
towers y re then changed over 
to the first stage of the pro- * 
cess, when the crusts dissolve. 

(2) The Honigmann Car- 
bonator . — In this (Fig. 30) 
there are three or more conical 
iron vessels with coolers, which 
are filled with ammoniacal 
brine, and then carbon dioxide 
is pumped through, meeting 
the liquid on the counter- 
current principle. When the 
conversion in one vessel is 
completed, the contents are 
blown out to the filter, and 
fresh ammoniacal brine added. 
8-12 tons of bicarbonate may 
be produced in 6-9 hours, 
compared with .the Solvay are 
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absence of crust-formation, and less resistance to gas-llow, * 



rio* jo - -I Ionium, mil Apparatus. 


with consequent .saving on the 
tages are the intermittent 
working in an otherwise 
continuous process, and the 
lower absorption efficiency 
(80-90 per cent., as against 
90-95 per cent. C 0 2 ab- 
sorbed in the Solvay). 

The carbon dioxide used 
in the carbonization is ob- 
tained from two sources : — 

(i) The Lime Kilns , 
where limestone* is burned 
to produce lime, CaO, for 
the decomposition of the 
ammonium chloride in the 
mother-liquors. 

A typical kiln is shown 
in Fig. 31. An intimate 
mixture of limestone with | 
the least amount of coke £ 

requisite for burning is fed | 

into the “cup and cone" ~ 
at the top gf* the kiln, 
whence it drops^slowly down. 


compressors; its disadvaiv 



Fig. ji.-»-Limc Kiln. 


The conical hump at the 
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bottom, called the “ dumpling*” prevents the accumula- 
tion of dust and assists in the even distribution of air, 
which passes in through the openings at the bottom, from 
which the quicklime is also removed. The kiln is 
sucked through two scrubbing fowers filled with coke, down 
which is sent a spray of water to remove dust, tar, and 
sulphur dioxide from the coke. The proportion of coke 
to limestone is very important as regards the concentration 
of the gas 


Cwt. coke per (on lime. 

°0 C0 3 it 

b 

31 

4’5 


y° 

40 


(ii) Calcination of the bicarbonate to produce soda- 
ash. 

Jdme-kiln gas contains up to 40 pel cent, by volume of 
C 0 2 , calcincr gas 90-98 per cent. A mixture of the two 
containing 53 per cent. C0 2 is used in the catbonation of the 
ammoniacal brine. 

The magma of bicarbonate and «* mother-liquor issuing 
lYom the carbonating apparatus is filtered by means of a 
rotary filter (Fig. 32), consisting of a perforated drum covered 
outside with flannel and evacuated inside, which dips into 
the trough containing the paste. The layer of bicarbonate 
collecting on the flannel is washed with water, and scraped 
off^by knives as the cylinder revolves. By this washing the 
mother-liquor is somewhat diluted, and ft receives some 
sodium bicarbonate ; it contains practically all the ammonia 
originally present in the ammoniacal brine. This ammonia 
is recovered in the ammonia stills, in which the liquor is 
first treated with steam, to drive out free ammonia and 
decompose carbonate, and then with milk of lime (prepared 
by slaking the lime from the kilns in large iron boilers with 
an internal screw to push on the lime) to set free the ammonia 
from the ammonium chloride. The ammonia is driven out 
with ste£m. The stills consist of iron towers with diaphragms 
similar to the saturators, milk of lime being added halfway 
up and exhaust steam at the base of the tourer* -The ammonia 
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gas is cooled to 57 °- 6 o° and re-enters the cycle in the am- 
monia* absorbers # . Some trouble owing to choking of the 
towers by lime is experienced. The liquor from flic ammonia 
stilts contains all the chlorine of the salt in the form of 
calcium chloride — # 

2NH4CI + Ca (HO) o =2NH 3 +HoO 1 -CaClo 
Practically all this was run to waste in the early days 



of the Solvay process ; the liquors are now often evaporated* 
and the calcium chloride used for dust-laying, in refrigerators, 
and in some chemical processes. Attempts to prepare free* 
chlorine from the ammonium chloride have been made, 
c.g . Mond’s magnesia process described in Section VI. 

The bicarbonate is then decomposed at a fairly high 
temperature in Thelen pans (cf. Fig. 25) 30-50 It. long, 
heated externally by a fire at one end of by gas. The flue 
gases travenw^fte whole exterior* of the pan, and rocking 
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scrapers inside push the bicarbonate slowly forwards until 
it is finally discharged to a mill, and then goes to sacks on 
a weighing machine in the form of soda ash, which should 
be of 99-997 per cent, purity, containing a trace of N&C 1 . 
Revolving furnaces 60 ft. long 'are sometimes used instead 
of Thelen pans. 

The consumption of raw materials per ton of soda ash 
produced is as follows : Coke, 1*3 cwt. ; limestone, 1 ton 
4 cwt. ; coal, 10 cwt. ; ammonia, 5 lbs. 

If sodium nitrate is used instead of chloride in the 
ammonia-soda process, it is possible to precipitate nearly 
all the sodium as bicarbonate, and the technically im- 
portant ammonium nitrate may be recovered from the 
mother-liquor up to 87*5 per cent, theory — 

NaN 0 3 + NH 4 HC 0 3 =NH 4 N 0 3 -|-NaHC0 3 

Soda Crystals or Washing Soda, Na 2 C 0 3 .ioH 2 0 .— 
This is prepared by dissolving soda ash in a mild steel vessel 
with steam, a little salt-cake (Na 2 S 0 4 ) being added to make 
the crystals harder. The solution is> made up to sp. gr. 
i'i-i'3 at ioo°, is treated in settling tanks with a little * 
bleaching powder to oxidize any organic matter and pre- 
cipitate iron, and after standing the clear liquor is siphoned 
off to large semicircular mild steel crystallizing pans. The 
crystals take 7-1 0 days to form, and are drained in a hydro- 
extractor. If a hot solution is allowed to crystallize, the 
monohydrate Na 2 C 0 3 .H 2 0 separates ; it* is known as 
crystal carbonate , and contains more than double the per- 
centage of soda in washing soda. 

- Bicarbonate of Soda.— This is prepared from the raw 
product by boiling with water to expel ammonia (and nearly 
dialf the C 0 2 ), recarbonating, and drying in a current of 
hot air or carbon dioxide. 

Concentrated Soda Crystals.— This product, Na 2 C 0 3 .- 
NaHC 0 3 . 2 lI 2 0 , has the same composition as natural trona, 
and is prepared by crystallizing a solution of equivalent 
amounts of carboruite and bicarbonate at 35 0 . It is neither 
efflorescent nor deliquescent, and is used in^W^ 1 -washing. 
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If a denser form of soda ash (“ heavy finish ”) fs required, 
it is prepared by calcining tlie product from the Tlielen pau 
in a ftlactear fufnace till the apparent density is increased 
froiji 0‘i6 to 0-3. 

Caustic Soda by Lo wig’s Process.— Much sodium 
carbonate from the ammonia-soda process is made intc 
caustic soda by the process of Lbwig (1882), originally intro- 
duced for solutions, but extended by Mond and Ilewitt (1887) 
to the direct conversion of solid soda ash. I11 this process 
the carbonate is roasted at a red heat with water-gas in a 
“ revolver ” furnace with ferric oxide, when sodium ferrite 
is produced and carbon dioxide evolved — 

(1) Na 2 C0 3 -|-T\.‘ 2 0 3 - 2NahV0 2 | COo 

The mass is then broken up, cooled, and thrown into hot 
water, when a concentrated solution of caustic soda is 
formed and ferric oxide regenerated and precipitated — 

(2) *2NaI'V0 2 -|-H 2 0=Fe 2 0 3 -|-2NaOH 

The caustic solution is evaporated in pans in double 
t or triple effect vacuum apparatus, beiyg finally fused in ^n 
iron pot over a free flame at 400°-500°, when it is poured into 
iron drums and sealed up/ J or it may^ first of all be powdered. 
10-15 tons are fused at a time. The concentrated liquor 
obtained in this process results in a saving of 60 per cent, 
of the evaporation per ton of caustic, over the lime 
method. • 

The causticizing may also be effected with lime, as in the 
Leblanc process. 

The Ammonia-Soda Industry.— The vSolvay works in 
England are situated at Northwieh, Plumbley, Lostock- 
Gralam, and Wilmington, in the Northwieh district, and at o 
Sandbach near Crewe — all being owned by Brunner, Mond 
& Co. The works at Winnington is the largest in the world, 
and is on the site of the first Engljph works erected in 1872 
by Dr. Ludwig Mond. This firm controls practically all 
the works using the process in Europe and America. The 
only independent works in England is that of the United 
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Alkali Co. at Fleetwood, Lancs. There are several works 
in America outside the combine, e.g. Michigan Alkali Co., 
Columbia Chemical Co., etc., and a new < works at 'Trieste 
was recently started. vSolvay works exist in Belgium, at 
Dombasle in France, in Russia <(Lubimoff and Solvay works 
at Berezniak, near Ousolia, cfn the banks of the Kama), 
and Germany (Deutsche Solvay VVerke). vSome soda is 
produced in Italy. 

The production of sodium carbonate by the ammonia- 
soda process is shown in the following table, which indicates 
the rapid expansion of the industry : — 

1864-1868 .. .. .. 300 tons. 

1902 .. .. .. 1,600,000 ,, 

1916 .. .. .. ,. 3,000,000 ,, 


The important competitors of the Ammonia-soda process 
are (i) the natural soda deposits of Magadi, which however 
have to be transported great distances witji corresponding 
cost ; and (ii) the electrolytic processes, which if used ex- 
clusively would lead to great over-production of chlorine. 
It is therefore in a fairly secure position, although the disposal 
of the calcium chloride is an awkward problem which still* 
has to be solved. * 

Soda from Cryolite. — 111 1849 Julius Thomsen, of 
Copenhagen, found that the mineral cryolite, 3NaF.AlF 3 , 
folind in large quantities in the Bay of Ivitut in South 
Greenland, is easily decomposed by lime ; in 1857 a manu- 
facturing process was started, which was taken over in 
1865 by the Pennsylvania Salt Manufacturing Co. of Natrona, 
near Pittsburg, by whom it is now solely controlled. A 
mixture of ioo^parts of finely ground cryolite with 150 parts 
of chalk, together with a little calcium fluoride as a flux, is 
‘ heated in thin layers on iron plates short of fusion and 
lixiviated hot — , 

2 (AlF 3 .3NaF) +6CaO =6CaF 2 + Al 2 0 3 . 3 Na 2 0 

The solution of sodium aluminate obtained is decomposed 
by passing in carbon dioxide, when alumina is precipitated 
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in a granular form containing 20 per cent. Na 2 CCf 3 , and this 
must be often washed with hot water to extract all but 
a residfial 2 per c£nt. — 

f Al 2 03.3Na 2 0+3C0 2 d- -3IU) ;,NaoC(> 3 i 2A1(0H) 3 

A very pure sodium carbonate is obtained by evaporating 
the solution, and the alumina can be used for the liumu- 
facture of alum, aluminium sulphate, or aluminium. 

Scheele’s Process. — In 1773 Scheele found that if a 
solution of sodium chloride is boiled with lead oxide, caustic 
soda is produced — 

2NaCl HPb 0 -|-II 2 0 :- 2 Na()Ii | gPbO.PbCU 

The difficulty, however, is to recover the lead oxide in 
a suitable form. Bacliet found that the oxychloride can be 
decomposed by lime-water — 


3PbO.PyCl 2 :-Ca(OH) 2 -4PbO+CaCl 2 -| II 2 0 


Berl and Austerweil state that if the oxychloride is 
treated with successive quantities of lime-w r ater, a residue 
i containing 98*86 PbO and 1*03 CaO is left, which can be 
used again for decomposing more sodium chloride. The 
process may lind somy application on the large scale. The 
. . . [OH' | 2 

equilibrium K= , ^ show's that the yield is independent 

L u J 

of the concentration. With too concentrated solutions, 
however, the litharge becomes coated over with insoluble 
oxychloride. The yield may amount to 50 per cent, with 
N 

NaCl and the correct amount of PbO. 


Sodium. — Metallic sodium (and to a much smaller extent 
potassium) is prepared in large quantities by the original, 
process of Davy, i.c. electrolysis of fused sodium hydroxide, 
the methods adopted subsequently to Davy's experiments 
(distillation with carbon, iron, etcw) having gone quite out 
of use on the large scale. The principal firms are the Castner- 
Kellner Co. at Weston Point and # New^astle-on-Tyne in 
England, Cla^jix in France, the c Niagara Electrochemical 
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* Co. in America, and the Elektrochcmische Fabrik Natrium 
at Rheinfelden in Germany, In the Castner process (1891), 
fused sodium liy dioxide contained in tJie iron pot A (Fig. 33) 
is electrolyzed at a temperature below 330° by the anode B, 
of resisting material such as nickel, and the iron cathode C, 
the top being insulated by asbestos from the pot A. After 
starting, the heat _de veloped by the current is sufficient to 
keep the mass fused. Sodium separates in D, and floats 
to the top of the tubular iron vessel with a wire gauze 
extension surrounding the cathode, whence it is ladled out 



from time to time by a perforated iron spoon, which allows 
the fused caustic to run through but retains the sodium. 
The metal usually comes into the market in the form of 
thick rods, soldered up in tins. 

At Niagara a combination of the Acker and Castner 
processes is used, molten sodium chloride being used as 
electrolyte in the first part of the process, with a fused lead 
cathode, with which the sodium alloys. The alloy is then 
passed into a second space, where it is made the anode in 
fused caustic soda ; sodium dissolves out of the alloy, and 
is deposited on the cathode. The caustic soda remains 
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unchanged. In this way sodium is obtained at less than 
is. per lb. A mixture of NaOH and Na 2 S in equal parts, 
NaOH £)eing continuously added, lias also lieen proposed as 
electrolyte. 

The world's production eft’ sodium in 1005 was 350,000 
tons. It is used chiefly in the preparation of sodium per- 
oxide, silicon, magnesium, and organo-iivtallie compounds 
in the aniline-dye industry. Prior to 1880 large quantities 
were used in the manufacture of aluminium, which is now 
made entirely by electrolysis. 

Sodium Peroxide. — Sodium peroxide, Na 2 () 2 , is pre- 
pared by Castner’s process (i8qi). vSodium contained in 
aluminium trays is heated to 300° in a long iron tube-retort, 
through which a current of dry air free from carbon dioxide 
is passed — 

2Na | () 2 — -Na 2 () 2 

It is a yellowish-white substance, usually sold as a powder, 
which icacts energetically with water, giving off oxygen. 
With ice-cold water it forms a hydrate, Na 2 0 2 . 8 II 2 0 . I11 

the fused state it is a powerful oxidizing agent, “opening 
up ” many refractory minerals, e.g. with chromite, FeCr 2 0 4 , 
it gives Fe 2 0 3 and Na 2 Cr 0 4 ^ In solution it is used for bleach- 
ing textile fibres ; in ’the case of wool the NaOH formed 
must be neutralized as fast as it is produced with dilute 
II 2 S 0 4 or acetic acid. It is also used in confined spaces 
(e.g. diving-bells) for purifying air, since carbon dioxide 
is absorbed and oxygen liberated. It costs about is. 6 d. 
per pound. 

Merck prepares pure hydrogen peroxide from sodium per- 
oxide by adding the calculated amount in small quantities 
at a time to cooled 20 per cent, sulphuric acid, and after 
separating the solution from the crystals of sodium sulphate, 
distilling in vacuum. 

Borax. — Borax, or sodium pyroborate, Na 2 0 . 2 B 2 0 3 .- 
ioH 2 0 , or Na 2 B 4 0 7 .ioH 2 0 , is foifnd in lakes in China, 
Persia, and Tibet, whence it reaches ^urope as lineal. It 
is prepared to some extent from the boric artd obtained from 
the volcanic escaping from sujffioni, or steam-jets, in 

B. 7 
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the Tuscan marshes. Deposits pccur in California, and much 

borax is made by decomposing the mine rals — 

• * 

Boracite, 2(Mg ;} B 8 O l6 ).MgCl 2 , of vStassfurt, 
Colemanite, Ca 2 B 6 () llft 5H 2 0, of California, 
Borocalcite, CaB 4 () 7 ,v>f the Argentine, 

with boiling sodium caibonate solution. 

Much borax is now made from the Boronatro-calcite, 
Na 2 B 4 0 7 .2CaB 4 () 7 .i8H 2 (), of Chili. 

Octahedral borax, Na 2 B 4 0 7 .5H 2 0, is prepaied by cooling 
a solution of sp. gr. 1*26 to 70°, and collecting all crystals 
forming above 56°, at which temperature ordinary borax 
separates. Electrolytic methods of preparing borax by 
electrolyzing a solution of boric acid in brine with a carbon 
anode and lead cathode separated by a porous diaphragm 
were proposed in rqo6 by Levi. 

Refilled borax costs about £18 a ton. It is used in 
brazing, to keep metallic surfaces clean, 'as most metallic 
oxides dissolve in fused borax, many with the production 
of characteristic colours. It is also used in the dye industry, 
and in glazing porcelain. 

Sodium Perborate. — If boric acid is mixed with sodium 
peroxide, and the mixture added slowly to cold diluted 
sulphuric acid, sodium perborate, Na 2 B 4 0 8 .ioH 2 0, separates. 
The crystals may be washed with alcohol and dried at 50°. 
Carbonic acid may be used instead of sulphuric. Sodium 
perborate is largely used as a bleaching detergent, mixed 
with soap or other substances ; it is made on a large scale 
by adding 150 lbs. Na 2 0 2 to 200 lbs. ice and water, and then 
adding 150 lbs. boric acid ; chimney gases (C0 2 ) are then 
blown through, and the crystals separated. The last 
portions are separated by saturating the mother-liquors with 
common salt. Electrolytic processes are also used. 

Sodium Silicate, Soluble Glass, or Water Glass.— 
Sodium silicate is prepared by melting together 23 parts of 
soda ash and 45 parts of powdered quartz, with 25 parts of 
coal-dust, in reverberatory furnaces. The glassy product 
is dissolved in 56 parts of water in an autoclave. The thick 
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liquid so produced is used, as a fireproofing material, for 
making joints with asbestos, as an adhesive for glass and 
porcelain, for preserving eggs and stone, for makiftg artificial 
stow?, and for adding to soaps. 

Large quantities of sodium silicate solution are also 
made by the so-called it'd mrthod, which has the advantage 
of yielding a more uniform product. Pondered silica, pre- 
ferably in the form of infusorial earth, is digested with 
caustic soda solution of sp. gr. r 22-1*24 under 3-4 atm. in 
an autoclave, the heating being effected by blowing in 
steam for about 3 hours and stirring. The liquor is then 
evaporated in iron pans to sp. gr. 17; 2*8 parts infusorial 
earth are used for 1 part NaOH. 

Sodium Phosphate.— Ordinary sodium phosphate is 
Na 2 HP 0 . 4 .i 2 H 2 0 , and is obtained from bone ash, Ca 3 (P 0 1 ) 2 . 
by digesting with dilute sulphuric acid, when phosphoric 
acid is produced, and neutralizing the latter with soda ash. 
It is used in preparing enamel, in soldering, as a weighting 
material in dyeing, and medicinally. 

Sodium Chromatt and Dichromate. — Sodium chro- 
mate, Na 2 Cr 0 4 , is prepared by heating powdered chromite* 
or chrome-ironstone, with soda ash and lime in presence of 
air— 

2r-VCr 2 0 4 +4Na 2 C0 3 +4Ca() + 7 () 

— I'V 2 0 3 [- 4 C a C O 3 - ( . | Na 2 C 1 (.) 4 

• 

The melt is lixiviated with water and made slightly acid 
with acetic acid. O11 evaporation lemon-yellow crystals 
of Na 2 Cr 0 4 separate. If the solution is made slightly acid 
with sulphuric acid instead of acetic acid, and evaporated, 
the very soluble and deliquescent red dichromate, Na 2 Cr 2 0 7 , 
separates. If this is heated with potassium chloride 
in solution, NaCl separates, and potassium dichromate, 
K 2 Cr 2 0 7 , crystallizes on cooling in fine orange-red' crystals. 
The potassium salt may also be obtained directly if potassium 
carbonate is used in the fusion. Nearly all the potassium 
dichromate is produced in England, tfut o^ late it has been 
largely repla^d by the cheaper ai^d more soluble sodium 
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salt. Chrome iroustone occurs the Urals, in Asia Minor, 
California, and Australia. 

Chromates and dichromates are used" as mordants, as 
oxidizing agents in the manufacture of aniline black, ar.d in 
preparing chromate pigments [$.g. chrome yellow, PbCrO.j). 

i 
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Section V.— ELECTROLYTIC PROCESSES 

Electrolytic Processes. - The electrolysis of a solution of 
sodium chloride was carried out by Cruicksliank in 1800 ; 
further expeiiments were made by Davy, Berzelius and 
Hisinger, and others, on the decomposition of saline solutions 
by the electric current, but it was not until 1885 that 
successful industrial application was made of these dis- 
coveries. With the invention of the dynamo, the possibility 
of carrying out many chemical reactions on a large scale by 
the electrolytic method became clear, and numbers of 
patents have beam taken out from that time till the present 
day. The main types of processes used on the large scale 
in the electrolytic production of alkali and chlorine fall, 
however, into four groups, and representatives of caclj 
gioup will be described here. 

I. Cells using fused Sodium chloride as electrolyte : 
The Acker Process. 

II. Cells using a solution of sodium chloride with a 
suitable diaphragm to separate the anode and 
cathode : The Griesheim Process ; Hargreaves- 
13 ird Process. 

III. Cells with a solution of sodium chloride with a 

moving mercury cathode to remove the sodium 
produced : The Castner-Kellner Process. 

IV. Cells with a solution of sodium chloride in which 

the denser caustic soda solution sinks by gravity : 
The Bell or “ Glocken " Process. 

Certain newer types of cell combine the principles of two 
of the above groups ; such a cell is the Billiter-Iyeykam patent. 

General Principles of Electrolytic Processes.— 

According to Today's law, 96,540 coulombs (1 coulomb 
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is the quantity of electricity rconveyed by a current of 
i ampere in i second) liberate one gram-equivalenf of an 
ion, e.g. 23 grams of sodium, or 35*5 grams of chlorine, or 
31*5 grams of divalent copper. Thus 58*5 grams of sodium 
chloride are decomposed by 540 coulombs. This funda- 
mental quantity of electricity is called a far ad ay, and one 
faraday therefore liberates one gram-equivalent of any ion, 
provided there are no complications in the electrolytic 
process. Thus, if a solution of copper sulphate is electro- 
lyzed, then at a certain concentration hydrogen may be 
liberated together with the copper, and the sum of the 
equivalents of the copper and hydrogen liberated by 1 faraday 
will be unity. 

The extent of chemical decomposition is quite indepen- 
dent of the voltage applied to the cell, but in order to de- 
compose an electrolyte with actual liberation of the ions in 
the ordinary chemical condition, e.g. chlorine gas, a definite 
voltage must be applied, since the products of electrolysis 
accumulating at the clectiodes set up themselves a voltage 
in the opposite sense to the applied 'voltage, and this back 
K.M.F., as it is called, must be overcome before any current 
will pass and therefore any decomposition occur. I11 the 
most favourable circumstances the applied voltage must 
be at least equal to the sum of the electrode potentials of 
the two ions at the concentrations at which they are present 
ati the electrodes, but this is only when the decomposition 
occurs reversibly, and in practice where irreversible processes 
always occur to some extent, a higher voltage must be 
applied. The cost of the power supplied electrically depends 
not only on the current, but also on the voltage at which it is 
used, and the power consumption is measured in kilo-watts — 
j kilowatt —looo watts— 1000 volt-amperes 

The gnergv consumption is measured in kilowatt-hours ; 
1 kilowatt-hour being the energy supplied by 1 kilowatt in 
1 hour,„ta. the unit of energy is the product — 

1 volt x ampere X 1000x60x60 

The current is measured by an ammgteryn series with 
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the main circuit, the voltage by a voltmeter connected across 
the terminals of the electrolytic cell, and the power consump- 
tion may then be*determined from the readings of the two 
instruments, or may be determined separately by a wattmeter. 

The general arrangement for electiolysis is shown in 
Fig. 34. 1 > is the dynamo producing the current, R is a 



Fig. \ j -Flectiolv^is. 


regulating resistance, A is the ammeter, V the voltmeter, 
and C the electrolytic cell. 

If several electrolytic cells are used they may be con- 
nected in series (A in Fig. 35), 01 in parallel (H in Fig. 35), 
or in a combination of series and paiallel, called multiple-aic 
(C in Fig. 35), according to requirements. 

According to the mode of connection the cun cat through 
the cells may be varied* with a constant value of tlu 1 applied 
voltage of the dynamo. Thus if each cell lias a resistance 



Fig. 35 — Flecliiuil Connections. 


of 5 ohms, and the applied voltage* is 23 volts, then if four 
cells are used — 

(i!) In series : 0=25/4 X 5 =25/20 — 1-25 amperes ; 

(ii.) In parallel : C=25/5-;-4 = ioo/5=20 amperes ; 

(iii.) In tv r o groups of two in series : 

C— 25 If 1 ® 4 - 10 )— 25/10 =2*5 amperes 
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The terminal voltage is eqjial to the applied voltage, 
i.e. the voltage of the dynamo, minus the watts lost in the 
cell— E — CR. In the three cases considered above the 
reading of the voltmeter connected witli the cell terminals 

would be in all cases when it wds connected with the extreme 

# 

terminals, 25 volts, but if it was connected with say the 
second cell in the; series of four, the voltmeter would give 
the reading 25—5x1*25=1875. 

It is the aim of the electrochemist to arrange the electro- 
lytic process so that, in the first place the powei consumption 
shall be as small as possible, and in the second place so that 
the process shall proceed as smoothly as possible, that is, 
that secondary processes do not occur and large changes 
of voltage and current do not appear during the progress 
of the operation. The voltage will usually be fixed, and it 
is necessary to ensure that changes of the current do not 
occur to any appreciable extent ; thus the concentration 
of the electrolyte must lx* kept nearly constant throughout 
the course of the electrolysis, and the cells are usually con- 
nected in parallel. * 

»• The Current-efficiency of the process is the percentage 
of current which is usefully employed in the process, and is 
calculated from the actual vieid as compared with the 
theoretical yield according to Faraday's law. 

We shall now pass on to a more detailed account of 
the different types of cells. Further information as to the 
subjects of this chapter may be found hi the books on 
Electrochemistry. 

Cells with fused Electrolyte. — After several unsuc- 
cessful attempts by inventors to electrolyze fused salt on 
a large scale, the Acker process was started at Niagara 
in 1900. In this process fused salt, with or without the 
addition of fluorides to promote fusibility, was used over 
a cathode of molten lead or tin, which formed an alloy with 
the sodium liberated. This alloy was run out of the electrode 
space, "and decomposed by blowing steam through it, when 
fused caustic spda fvas produced. The voltage applied 
was 6*75, the current efficiency was 54 per cen^, , On account 
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of the high temperature t\\£ consumption of electrodes was 
great. In 1907 a lire started, and the works was destroyed. 
It has # not been reconstructed. * * 

Cells with Solutions and Diaphragms.— (a) Cries - 
heim-Elektron Type — extensively used in Germany, France, 
Russia, and Spain. 

I11 the various work< using this type of cell 33,000 li.F. 
are expended, with the production of 70,000 tons of caustic 
soda and 120,000 tons of bleaching- powder. The cells are 
formed (Fig. 36) of a number of porous diaphragms fitted 
into an iron tank, lined inside with cement, by means of 



iron slides like* window-frames. The composition of the 
diaphragms is nominally secret, but as an illustration the 
patent of Breuer (1884) may be mentioned, in which cement 
is mixed with salt and cast into slabs. When these are 
placed in water the salt dissolves out leaving a porous 
mass. The anode cell is rectangular ; usually six to twelve 
are used. Sheet-iron plates form the cathodes, the tank 
being connected with them, and the anodes are of carbon. 
Such electrodes are usually made of artificial graphite, ^ 
manufactured by the Acheson Graphite Co. at Nir^ara by 
heating coke in an electric furnace'; electrodes of Fe 3 0 4 , 
fused in thecrc and cast, are also used. The cell is surrounded 





by a steam jacket, and the byne is run into the anode 
chambers through pipes in the lids. Chlorine is led off 
through a second fot of pipes to a main. *Thc cathode tank 
is provided with a run-off cock for the caustic liquor. The 
temperature is maintained at #o°~90°, the current density 
100-200 amperes per sq. metre, the voltage 3'5~4‘0, all 
the 'cells being in parallel. Diaphragms of silicated asbestos 
are largely used in America with this type of cell. 

(b) The llargreaves-Bird Cell . — This cell is largely used 



at Middlewich in Cheshire. The cells 
(Fig. 3 y) are narrow rectangular boxes, 
the top and bottom of which are of 
cast-iron, and the sides are made of sili- 
cated asbestos to serve as diaphragms, 
which are o*i in. thick. Outside the 
diaphragms, and in close contact with 
them, are the cathodes of copper gauze 
or perforated sheet copper. The anodes 
consist of lead cores, on which are 
strung rough blocks of gas-carbon, 
'the lead being covered in with cement 
where it is exposed. Brine is fed in 
at the bottom and the spent liquor 
run off at the top. The sodium ions 
pass through the diaphragm, which is 
impervious to sodium chloride, and 
sodium is deposited bn the cathode. 
Either steam or a mixture of steam 


and carbon dioxide is blown on the cathode surfaces, which 
* are enclosed in ^n iron box, and either caustic soda or sodium 
carbonate is formed, the concentrated solutions running off 
t at the bottom to vacuum evaporators. Chlorine escapes 
through the pipes at the top, and is led to the bleaching 
powder chambers. Each cell has 10 sq. m. cathode, and 
decomposes 106 kilos. NaCl per 24 hours, with 2300 amperes 
at 4*5 \foRs. The current efficiency is 9 7 per cent. 

Cells with lyiovirlg Mercury Cathodes. — Such cells 
are the Castner and Castper-Kellner types. Tt“ difficulties 
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formerly encountered in tn^ use of diaphragms led Castner * 
in America and Kellner in Austria to devise cells without 
diaphragms, in wVeh metallic mercury is* used As cathode, 
as iif the earliest experiments of Davy, and forms an amalgam 
with the sodium liberated. * This amalgam is then treated 
with water, when a solution of caustic soda, and hydrogen, 
are produced. The mercury then passes back to the cathode 
compartment. The early ('astncr-Kdlncr, or “ Rocking- 
table ” cell (Fig. 38), which is still in use, consists of a shallow- 
slate tank, divided into three compartments by slate parti- 
tions which do not quite touch the (loor The floor of the 
lank is covered with mercury, which seals the three compart* 
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ments. Kach end compaitnunt is Idled with strong brine, 
the middle one with water. In the original Castner cell the 
meicury waas thd cathode*, and by giving a rocking motion 
to the cell by means ol an eccentric, the amalgam flowed 
to the central compartment, where it was decomposed by 
the waiter. Kellner introduced an iron cathode in the inner 
compartment, and thus utilized the Iv.M.F. generated there. 
In the latest types of cells tlu* tables are fixed, and the 
mercury is circulated by an Archimedean screw, finally 
dropping over a cascade into water to free it from sodium, 
after which it re-enters the cycle. Anodes of platinum 
gauze are now used instead of carbon. The turrent 
efficiency is 90 per cent., the voltage is 43. Large works 
using the Costner- Kellner cells exist at Niagara Falls ; a 
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smaller wofks is in operation at Weston Point, near Liverpool. 
The advantages of the process arc the purity of the alkali, 
the high concentration of caustic solution produced, the 
high current efficiency, and the absence of secondary 
reactions. Its disadvantages ate the high voltage, the cost 
of the mercury, of which 72 tons are required for a 6000 H.P. 
plant, and the hig^ cost of erection. 

Gravity Cells. — In these the separation of the anodic 
and cathodic liquids is effected by their different densities. 
A familiar type is the “ Glocken,” or Bell, cell (Fig. 39) of 
the Chemico-Metallurgical Co. of Aussig (Austria), in which 
the anode and cathode are separated by an inverted bell 
of non-conducting material. The anode is carefully adjusted 



at the proper height inside : the* cathodes are iron plates. 
The dense NaOH solution falls down and is run off by a cock, 
brine entering continuously into the bell. Chlorine escapes 
through the lid. A smaller type of this cell is now made, 
25^000 of which are required for 3000 H.P. K 

Billiter-Leykam Cell. — This is a combination of the 
diaphragm and bell types. The bell is made small, and is 
, closed at the bottom with a nickel or iron net on which 
rests a sheet of asbestos cloth surmounted by a powder 
composed of an insoluble substance such as alumina or 
barium sulphate, mixed with asbestos wool and made into 
a paste with brine. The carbon anode is placed inside the 
bell, and brine is introduced above the diaphragm and flows 
through it. The cell is heated to 85°, and has a current 
efficiency of 92^ per 1 cent. It is said to work very 
satisfactorily. 
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Section VI.— THE MANUFACTURE OF CHLO- 
RINE AND DERIVED PRODUCTS 


Chlorine. — The industrial methods of preparing ehloiinc, 
are — 

(1) The oxidation of hydrochlorie acid-- 

(a) By the action of manganese dioxide. 

(b) By the action of nitric acid. 

(c) By atmospheric oxygen, in presence of cata- 

lysts. 

(2) Electrolysis of chlorides, especially sodium chloride. 

(3) loom salt, sulphuric acid, and manganese dioxide. 

(4) loom magnesium chloride. « 

• Process (r) (a) is 1 used in connect if m with the manganese# 
recovery process of Weldon; process (1) (r) is the Deacon 
process ; the electrolytic processes include the Acker, the 
Grieshcim, the Castner- Kellner, and the so-called “ Glocken ” 
or bell type. The rest of the processes, except possible one 
type of (4), are no longer in use on a large scale. Although 
some chlorine is made in small works by ‘process (3), it is 
usually more convenient to buy liquid chlorine in steel 
cylinders from the large manufacturers. 

The Weldon process. — 111 this process chlorine is 
obtained by oxidizing crude concentrated hydrochloric acid 
from the saltcake furnaces (which should contain as little 
sulphuric acid as possible to avoid formation of calcium 
sulphate- in a subsequent stage of the process) with com- 
mercial manganese dioxide in the form of the mineral Pyro- 
lusite \75 to 85 per cent. Mn 0 2 ) in the first instance, and 
with recovered ipanganese dioxide in the further working of 
the process. Pyrolusite is found in Germany, Bohemia, 
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Spain. Russia, India, Australia, Japan, and the United • 
States. Most of that usc(? in Great Britain comes horn 
South *Russia. Sttfter ores are prefeiable^o hard ones, and 
the tore is sold on the percentage ot MiiO* it contains, as the 
lower oxides of manganese tfre less efficient and carbonates 
waste hydrochloric acid. The ore is broken up into pieces 
of suitable size and charged into the chloiinc stills (Big. JJu), 
made in this country of a special sandstone found at South- 
owram, and hence called “ Voikshire l'lag.” Other stone 
found at ITeworth, near Ne\vcastle-on-Tyne, lequitcs boiling 
in tar to render it impervious. Suitable stone is found in 
Germany, but the finest natural aOd-iesisting metetial is 
the volvic lava of Puy-de-I)ome (France), ahvad\ let'em d 



to in connection with the concentration of sulphuiic acid. 
This comes into the market in the form of blocks and slabs 
ieady for use. Substitutes for volvic lava are “ Obsidian- 
ite,” made by Davison & Co., l»uckle\ , near Cliester, and 
“ Nori ” ware, made by tlu* Accrington Biick and Tile Co. 
These materials have the advantages of cheapness and 
resistance to high temperatures. 

The flags forming the stills are joined at the edges by 
bevels or otherwise, the joints being tightened by putty or 
rubber cord. The inside measurements are 7 ft. by 5 ft. by 
3 ft., and upwards. Six to ten cwt. of ore are placed through 
a manhole on the false bottom A, and the acid run in through 
the pipe B. Steam is blown in cautiously at intervals 
through the l^ad pipe C, terminating in a stoneware column, 
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having at the top a tap protected from chlorine by a water- 
seal. The gas is evolved through the pipe D, which also 
has a water-seal in the pot. After 2-f to 48 hours the 
reaction is complete, and the still-liquor is run off into the 
Weldon plant for recovery of the manganese. It is still 
acid, as complete oxidation is never attained. The oxida- 
tion appears to go v best with 28-30 per cent. acid. 

The Weldon process was begun by Walter Weldon in 
1866, at Gamble’s works in St. Helens, and in 1869 the 
manufacture commenced. The principle of the method is as 
follows. 

The acid solution of manganese and ferric chlorides from 
the stills is agitated with limestone or ground chalk in the 
well A (Fig. 41), where free acid is neutralized and ferric 
hydroxide precipitated. The liquor is pumped into iron 
tanks B, and allowed to settle. To the settled liquor, run off 
into the oxidiser C, about 10 ft. diameter by 30 ft. deep, milk 
of lime is added in 30-40 per cent, excess ’bf that required 
to precipitate all the manganese as Mn(OH) 2 . This addition 
of excess lime is the vital point of the process, as Gossage 
i in 1837 had failed through adding only the theoretical 
amount of lime. The mixture is now warmed to 55°-6o° 
by steam, and air blown througli for about z\ hours by a 
powerful blowing engine. The compound CaO.Mn 0 2 , or 
calcium manganite, is precipitated. By adding more still 
liquor and continuing the blowing, this is converted into 
Ca 0 . 2 Mn 0 2 , which is run out into the settlers D, allowed 
to settle out, and then run off as a thin mud — “ Weldon 
mud ” — into the special stills E. Complete oxidation of 
MnO to MnOfl can, as Weldon found, take place only in 
presence of strong bases, such as lime, because Mn 0 2 has 
acid properties, and in the absence of bases will combine 
with unchanged MnO to form MnO.Mn 0 2 or Mn 2 0 3 , but more 
slowly than with lime. About 168 cu. ft. of air at normal 
pressure is required to convert 1 lb. MnO to Mn 0 2 ; this is 
about 13 times the theoretical amount. 

The Weldon,.stills, sometimes called “ Octagons " from 
their shape, are usually much larger than the ores previously 
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described, say 7 ft. by 7 ft. by 8 or 9 ft. high, or iu huge 
works 12 ft. high and wide, and octagonal in shape. The 
cover i? dome-shaded, has an inlet for stehin and an outlet 
for (il 2 . The chlorine is carried off through stoneware pipes, 
and is dried by passing through cooling pipes, or even through 



A 

Fig. 41. — Weldon Plant. 

a sulphuric acid tower. The mud is run in at the top through 
a funnel, the acid halfway up through a pipe, and the 
waste liquor out at the bottom back to the recovery ^laut. 

Constant testing of the products' at e^ch stage of the 
process is accessary for proper working. The efficiency 
B. 8 
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is 45 to p cwt. salt (NaCl) j)er ton of bleaching powder 
(37 per cent.), taking the first and last products, which 
works out r at less* than 32 per cent, on ttfe chlorine. Fresh 
Mn0 2 to the extent of 3 parts for every 100 parts of bleaching 
powder made must be added, by working it through ordinary 
stills as described, to cover losses. 

' The theory of t]ie Weldon process has not been completely 
elucidated ; it is probably somewhat as follows. When 
manganese dioxide is dissolved in cold concentrated hydro- 
chloric acid a dark brown solution is obtained, which appears 
to contain M11CI4. If this is diluted with water, hydrolysis 
occurs, and manganic hydroxide, Mn(OH) 4 , is precipitated. 
Hence the acid used in the process must not be too dilute. 

(1) Mn0 2 +4HCl=MnCl4+2H 2 0 

If the dark solution is warmed it breaks up into chlorine 
and a solution of manganous chloride — 

(2) M11CI4 =MnCl 2 +C 1 2 v 

The further reactions of the process are usually formulated 
as follows : — 

(3) MnCl 2 +Ca (OH) 2 =Mn(OH) 2 +CaCl 2 

(4) Mn( 0 H) 2 +Ca( 0 H) 2 + 0 =Mu 0 2 .Ca 0 + 2 H 2 0 

(5) Mn 0 2 .CaO -f CaO-f MnCl 2 +0 =Ca 0 . 2 Mu 0 2 +CaCl 2 

Half the chlorine of the hydrochloric acid used is therefore 
aljvays wasted in the form of calcium chloride. The oxida- 
tion in the Weldon process is effected by the change of the 
tetravalent manganese ion, Mn"", formed in reaction (1), 
to the divalent ion Mn", with simultaneous liberation of two 
chlorine ions in the form of elementary chlorine — 

Mn-*+2Cl'->Mn-+Cl 2 

The electro-affinity of chlorine is 1*35 volt, hence the 
available* energy absorbed in the formation of Cl 2 from 
2 C 1 ' is 2x1*35x23,046 cal. =62,224 cal. (cf. “ Thermo- 
dynamics/ ' p. 479). The electrode potential of the reaction 
Mn**"->Mn** is 3*20 volt, and the affinity is therefore 
3*2x23,046=73,747 cal v which indicates that tetravalent 
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manganese is a powerful oxidizing agent (ef. Abegg, “ Hand- 
buch der anorg. Chem.+ vol. iv. p. 804). This exceeds the 
absorption of available energy for the fonnatioiTof chlorine 
by *11,500 cab, and the reaction therefore occurs spon- 
taneously, even in the cold. * 

The regeneration of manganese in the process depends 
on the further oxidation of the divalent manganese ion by 
atmospheric oxygen in presence of the hydroxyl ions from 
the lime — 

Mn"+ 20 H';>Mii( 0 H) 2 

M11- |- 20 H'+H 2 0 bJO^Mn— -I-4OII' 

Mil— + 40 H / $Mu( 0 h) 4 $Mii 0 2 + 2 H 2 0 
The chief point to be attended to in practice is the 
proportion of “ base ” to manganese dioxide in the resulting 
mud. By “ base ” is understood all constituents of the 
mud which neutralize acid, leaving behind pure Mn0 2 
(Lunge). The following results (from Lunge) show the 
progress of the operation in different stages, the proportions 
of constituents being in equivalents : — 

1st operation : charging the oxidizer and adding the 
iirne — 

iooMnCL+iboCaO -JOoMnO+6oCaO + iooCaCL> 

2nd operation : blowing — 

100M11O 4-6oCaO +860 
=86Mii0 2 +i4Mn0 +6oCaO 
=48CaaMn02+i4Mn(;.Mn0 2 -|-i2Ca0.2Mn() 2 
— 86Mn0 2 +74(Ca0 and MnO) 

3rd operation : final addition of still liquid— 
48 Ca 0 .Mn 0 2 + 24MnCl 2 

= 24Ca0.2Mn0 2 + 24M11O +24CaCl 2 

4th operation : second blowing — 

24M11O +I20=i 2M11O.M11O2 
Apart from the calcium chloride there remain— 

From the 2nd operation 

!4Mn0.Mn0 2 + 1 2Ca0.2Mn0 2 
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From the 3rd operation 24CaQ.2Mn.O2 
From the 4th operation i2Mn0.Mn0 2 
Altogethef 26Mn0.Mn0 2 +36CaO.2Mn0 2 
or (j8Mn0 2 +36Ca0-|-26Mn0 ' 

Hence from 100 equivalents of M11O originally em- 
ployed, and 24 added in the third operation, there are 
obtained — 

(1) 98 equivalents Mn0 2 instead of 124 possible, i.e. 

79 per cent. 

(2) 62 equivalents bases, viz. 36CaO-f 26M11O. 

By adding the final still liquor in operation (3) the 
proportion of Mn0 2 to M11O has been lowered from 86 to 79 
per cent., but the bases have been diminished even more, 
viz. from 74 to 62, which is the important point. 

The Weldon process may proceed improperly, owing to 
faulty working, in two ways, named after the properties 
of the mud obtained : — 

(1) “ Foxy/' or “ red," batch — obtained by blowing too 

hard before adding a sufficient excess of lime in 
the first operation, when free MnO is oxidized 
directly to red Mn 3 0 4 , as in the original unsuccessful 
procedure of Gossage- before the excess of lime 
was introduced by Weldon. There is no cure for 
this when once the red batch has appeared, and 
it must be worked up in the stills, with consequent 
* loss of acid. 

(2) “Stiff" batch — obtained by insufficient air blast, 

too high a temperature, or too much lime. The 
mud then becomes crystalline and very stiff, and 
tends to choke the blast. The cure is to put on 
the full force of the blast at once, and add more 
otill liquor to dissolve the excess of lime. 

The Deacon Chlorine Process.— After earlier un- 
successful work, H. Deacon and F. Hurter, from 1868 on, 
evolvgd a process for the direct oxidation of hydrochloric 
acid by atmospheric oxygen in presence of a catalyst — 

4HC1+0 2 ^2H 2 0+2C1 2 - 
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The catalyst used is cupric chloride, and according to 

Hurter its action is simply as follows : — 

* • * 

(i) 2CuCi2“>Cu 2 Cl2-t-Cl2 

(ii) 2 Cu 2 C 1 2 +4HC1+0 2 ^4 CuC 1 o-)- 2H 2 0 

In any case, it is clear that the Deacon process involves 
the partition of hydrogen between chlorine and oxygen. 
Experiments on this reaction in the gaseous state at the high 
temperatures produced by explosion we re made by Darker 
(“ Inaug. Diss.,” Tubingen, 1892) ; fiuther measurements 
with a view to elucidating the mechanism of the' Deacon 
process were made by Lunge and Marmier (1897), G. N. Eewis 
(1906), and von Ealckenstein (1907), all of which are* referred 
to in Haber’s “ Thermodynamics.” At the temperature at 
which the reaction is carried out, the affinity of hydiogen 
for oxygen is greater than its affinity for ehloiine. As a 
measure of the affinity is taken the* available energy A; 
the reasons for Pile adoption of this magnitude rather than 
the heat of reaction O, formerly used, depend on the follow- 
ing characteristics of chemical affinity : — 

(1) It must depend reciprocally on at least two sub- 
stances, and on the produets of their interaction. 

Thus, we can speak of “ the affinity of hydrogen for 
oxygen to form water,” or “ the affinity of oxygen for 
hydrogen to form water,” both phrases having exactly the 
same meaning. Such expressions as “ the affinity of 
oxygen,” or “ the affinity of oxygen for hydrogen,” are 
quite meaningless, as the products may be different, e.g , 
steam, or hydrogen peroxide. 

(2) It is a function of temperature, pressure, and often 
of the nature of the medium in which the reaction occurs. 

(3) It is affected by the masses of the inter acting sub- 
stances according to the law of mass action. 

It must be noticed that the “ affinity ” as understood 
in (2) and (3) is not quite the same as that considered on 
P- 38, blit the latter, which is the real affinity apart from 
other factors, cannot at present be mtfasure^l. 

(4) When^the numerical measuie of the affinity is positive. 
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the given reaction can occur j. when it is negative, the 
opposite reaction ; when zero the interacting substances are 
in equilibrium with the products of the reaction. 

(5) Affinity is elective, i.e. if the affinity of X for if to 
form XY is greater than the affinity of X for Z to form XZ, 
then XY is formed preferentially to XZ in the system com- 
posed of X, Y, an(J Z. 

Of these conditions, (1) and (2) are satisfied by the heat of 
reaction Q, but not the others ; all are satisfied by the avail- 
able energy A, which is in this case often called the affinity. 
The equation of mass action — 

Zht\ log [A^ -log K 
applied to the Deacon process, gives — 

[H 2 0 ] 2 x[C 1 2 ] 2 
[HCl] 4 x[0 2 ] “ 

or if partial pressures are used — 

- 1 ?*^ = k ’ or v' 20 t* ( 

P n Cl- P o 2 puc\ffio 2 

From the experiments referred to above, Haber has 

calculated the following table : — 


Temperature 

°C. 

h‘ obs. 

k’ calc. 

Observer. 

352 

4*02 

4*57 

Lewis. 

38 O 

3 ’<> 2 

3*4° 

,, 

1 419 

2*35 

2 '(>2 


430 

2-5 

242 

Lunge and Marmier. 

450 

2*26 

2 ‘ 1 0 

v. Falckenstein. 

480 

2'0 

1*73 

Lunge and Marmier. 

Ooo 

I -52 

O ' 00 

v. Falckenstein. 

650 

°‘794 

0728 

,, 

1537 

- o ’ 1 23 

ci 33 

Lowenstein. 


Tlie values of “ k calc.” were obtained from the equa- 
tion (1)— 

4 log k'= log C,| = ^ 1 — 1*86 log T+0-000722T— 2‘17 

Poffi*nc\ T 

which was derived by Haber from various considerations. 
The same considerations as to temperature and yield 
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hold in the case of the Deacon process as in the contact 
process for sulphuric acid (see p. 45). The reaction is 
acc9tnp # anied by * 0 evolution of heat, and increase of 
temperature diminishes the yield in equilibrium. At 
low temperatures, however, • the reaction does not occur 
sufficiently rapidly, and an optimum temperature must 
therefore be fixed. This has long been hnown empirically, 
and is 400°-500°. Probably 450°-46o° is the best tempe- 
rature ; below this the velocity is too small to give a satis- 
factory yield, whilst above it volatilization of cupric chloride 
(which can never be avoided) becomes excessive. 

Many experimental details of value in large scale working 
will be found in the work of Lunge and Marmier, which is 
fully considered in Haber’s book. 

In the Deacon process we have an excellent illustration 
of the application of a catalyst; unless we can find some 
substance which can speed up the velocity of the reaction 
so that it attaint its equilibrium values at low temperatures, 
where these equilibrium values are favourable to the yield, 
the process could not the worked, as the equilibrium values 
corresponding to the high temperatures at which the normal 
reaction velocity (without catalyst) is appreciable are too 
small to be of value. In cases where the reaction is endo- 
thermic, the equilibrium value increases along with the 
velocity on rise of temperature, and this difficulty does not 
arise (e.g. formation of NO from air in the arc). ^ 

The yield in tlie Deacon process may be calculated simi- 
larly to that in the contact process for S 0 3 (p. 43). 

If x is the fraction of the HC 1 decomposed, giving - mols. 
Cl 2 and (1 — #)HC 1 — 

[Cl 2 ] = * 

[HC 1 ] 2(1 -x) 

If we put — 

P^hO'P^'h — ^k ==&' 

P^O^P HC1 

* i /[H 2 0 § 

2 CC-xY p'oM [C 1 2 ] 


then 
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or, if the* initial gases are dried, as is always the case, 

W = i,,and tiKn ” 


Excess of oxygen is therefore favourable to the yield, 
but since the partial pressure enters the product as the 
fourth root, it will have little effect on the result ; an increase 
of the oxygen pressure 18 times only increases the yield from 
60 per cent, to 75 per cent. 

In the experiments of Eungc and Marmior, dty mixtures 
of hydrochloric acid with air or oxygen were passed over 
broken bricks soaked in a solution of cupric chloride*, and 
heated at a temperature of about 450°. The calculation of 
their results, as made by Ilaber (lor. cit .), is as follows : — 


Temperature : t —430° 0. 

Initial gas : 1 IC 1 — 8*5 per cent. ; 0 2 - - oj'5 per cent. 
Pressure : 737 nun. 

* observed - 0*83 

hence 

HC 1 oxidized ---0*83 x8*5- -7*05 c.c. 

Cl 2 produced -~y $2 c.c. ; JI 2 0 produced 3352 c.c. 
0 2 consumed —176 c.c. 


Final gas: composition in c.c. at 737 111111. 

Total Cl 2 HC 1 0 2 HoO 

08-23 3-52 145 S<)74 1 3-52 


• ^ x -^o\888 almo. 

J 08-23 760 

^‘o,— 0-968 


2(1 -x) 


= 244 


A similar experiment at 480° gave k f = 2 0 . 

The value cajculatfd from equation (1) for T = 480+273 
is ^=173. 
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Lunge and Marmier detected a consider able decomposi- 
tion even at 310°, but the lowest temperature for technical 
working is above %00°. I11 addition, the fate ofdlow must 

be Adjusted to give equilibrium. Initial gas mixtures con- 
taining only a little IIC 1 were, of course, more rapidly 
brought to equilibrium than those containing more, mul it 
was found that, below 480°, the equilibrium constant 
abnormally low with gases rich in IIC 1 . Above 480° this 
influence of velocity disappeared, so that equilibrium must 
then be attained rapidly. With mixtures rich in hydro- 
chloric acid, showing an equal ratio IICl/() 2 , the oxidation 
was greater with air than with pure oxygen. Lunge and 
Marmier considered that this result was not in harmony 
with the law of mass action, but the true explanation was 
given by Haber. The air mixture comes nearer to the 
equilibrium value on account of its lower acid content, whilst 
in the oxygen mixture the velocity of reaction is not high 
enough to transform the large* quantity of hydrochloric acid 
into chlorine, although the increased oxygen concentration 
actually makes the reaction velocity highci. This is a good 
illustration of the necessity of making nu asurenieiits wit^ 
different rates of flow, and otherwise making certain that 
equilibrium is actually attained. Certainty on the second 
point can only be attained when it is shown that the same 
final state is reached with mixtures ot IICI and 0 2 as with 
mixtures of Cl 2 and II 2 0. 

As a result of* these experiments, one may conclude that 
the equilibrium constant of the* ])< aeon process — 

ye M'v/^UiO 

has the value 2’0 at 480° C., when the gases are under atmo- 
spheric pressure. The calculated value is" The 

calculated value at 430° is 2'42, which confirms the experience 
that the lowest temperature compatible with attainment 
of equilibrium is the best. * • 

The practical method of carrying Aut the Deacon prdfess 
is as follow*?. A mixture of 1 vol. HC 1 and 4 voLs. air is 
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produced from the salt-cake furnace gas, and is passed by 
a hot Root’s blower through cooling pipes and scrubbers, 


<^i * i 




where ftiOst of the moisture is removed. The gases are then 
driecl in a sulplvuric acid tower, and pass to a preheater, 
composed of 26 vertical iron pipes, 1 ft. wide and 9 ft. high, 
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arranged in two sets in a furnace, where they ate heater 
to 450°. The waste heat is used for heating the converters 
to \^hich the gas A now pass. These (Fig*. 42) ate upright 
iron cylinders, 12-15 ft. wide, containing a ring of broken 
bricks dipped in a solution ti cupric chloiide (0'6 07 per 
cent, of copper in the mass), supported by iron shut let's. 
The gases enter at the circumfeieiice, nass through tire 
catalyst to the inner space, and are led off by a pipe. The 
annular space between the shutters is 3 ft. wide, and is 
divided into six compartments, one of which is emptied and 
refilled every fortnight. The spent catalyst is thrown away. 
The loss of copper is 3-4 lbs. per 1 ton bleaching powder 
produced. 

Only two thirds of the IIC 1 is converted into chlorine, 
and the steam and unchanged IIC 1 are condensed out in 
earthenware pipes and a water tower, where strong acid is 
recovered. The gases, containing 5 to 10 per cent, of Cl 2 , 
are then dried in*a sulphuric acid tower, and list'd in a spe cial 
apparatus for making bleaching powder. The fuel con- 
sumption is 6-10 cwt. p. r ton of bleaching powder produced. 
The presence of H 2 S() t , V S() 2 , C0 2 , and As 2 () 3 in the* hydro* 
chloric acid is prejudicial, and these impurities must be 
removed. Only the “-pan-acid” (cf. p. O5) can be* used 
directly ; the “roaster-acid ” must be absorbed separately 
and sold. Hasenclever (1888) patented a process for 
producing a steady stream of pure hydrochloric acid gas 
by mixing the iihpure liquid acid with a little* strong sul- 
phuric acid in tow ers, and blowing out the 1 1 Cl gas with a 
stream of air. The cost of re-concentrating the* sulphuric 
acid has then to be taken into account, buf the working 
of the Deacon process is more regular, and “ roaster-acid " 
may then be used. This improvement of Hascn elyve rs 
has brought the Deacon process to the lorcfront of the 
successful chlorine processes. 

The improved Deacon process is largely replacing the 
Weldon plant, as the latter wastes up to 70 per'ec'nt. of 
the chlorine. J r 

The following figures (from pa vis, “ Chem. Frig.”) 
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show the Influence of temperature on the yield in starting 
up a Deacon plant : — 

260° No decomposition. 1 | 

\()()° 5 grains Cl per cu. ft. gas. 

\77° ^ ,, t„ 

W° 17 „ • 

420° 20 ,, 

» U5° 

Chlorine from Magnesium Chloride.-- -The loss of 
chlorine in the Weldon process led its inventor to look around 
for an improvement, and the similar loss in the ammonia- 
soda process also led to attempts at chlorine recovery from 
calcium or ammonium chloride. 

The Weldon-Peehiucy Process consisted in heating 
magnesium chloride in a current of air, and was worked for 
some years at Oldbury in England, and at Salindres in 
France. It has been abandoned, as it could not compete 
with the Deacon process if hydrochloric acid were used as 
initial substance, but it is used at the ammonia soda works 
at Szakoua (Galicia). The reaction involved is— 

2l\IgClo KU> ! i 0 2 ~2MgO-|-2HCl-|-Clo 

The process was worked as follows. A mixture of 
powdered Mg( ) and Mg 2 OCh» froin a later stage of the process, 
made in such proportions that the evolution of heat in the 
neutralization is suitably 1 educed, is dropped into hydro- 
chloric acid until this is neutralized. A little oxide of iron 
and alumina are deposited, and the liquid is run into settling 
tanks. The clear liquid is evaporated in an iron boiler to 
the composition MgCl 2 . 6 H 2 0 , and this is run into a circular 
iron vessel with rotating paddles, where it is mixed with 
powdered magnesia until the mass solidities, producing 
MgoOCl 2 . This oxychloride, which is very hard, is broken 
up byTeftVhg it drop through rollers bristling with diamond 
points. 'The pieces are further dried on shelves, run on 
trucks through a tunnel against a current of air at 300°, 
when 60- per cent, of the water is removed. The lumps are 
tlieh heated in special' brickwork furnaces, previously heated 
to iooo° by large Bunsen burners, and a blastwf air forced 
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throtigh the mass. The unchanged HC 1 and steam are con- 
densed out in water, and chlorine passes on. 

jj)f flic total CF\m the mass, 6-7 per cent, coniits oil in the 
drying process, and 14 per cent, remains undecomposed. 
3 7 per cent, comes oil as HC 1 , ‘and 42 per cent, as free chlorine. 
Less than half the chlorine is thus obtained free, but only 
7 per cent, is actually lost . 

In Mond’s process, which was w 01 kid at Wilmington in 
1893, the chlorine in ammonia soda liquois was to be utilized. 
The solution of NII 4 C 1 from w hich the NaIIC( ) 3 had separated 
was crystallized and the NH 4 C 1 heated in an iron retort. 
The HC 1 and NH 3 gases were passed over lumps of magnesia 
at 35°° ^ > which removed IICl to form the oxychloride, 
Mg 2 OCl 2 . The NII 3 passed on to the alkali pioccss. If a 
neutral gas was passed thiough the Mg 2 ()Cl 2 , heated to 500°, 
and then in a current ot air .it <Soo° iooo°, chloiine was 
evolved — 

i\Ig 2 OCl 2 l-K) 2 --2MgO (-Cl 2 

Oxidation with Nitric Acid. -Ta\ lot (1884) modified 
the process of Dunlop '(1849), in which the reactions — 

- (1) 3HCI | IINOj -Clo | NOG I-2II0O 

(2) NOCl-i-HoSO^ S 0 2 (N 0 ,)( 0 II) fllCl 

alternate. A series of towers packed with ganistcr were 
used, through which HOI was passed, and down which 
alternately IINO3 of sp gr 1 4 and II 2 S(> 4 tiickled. The HCl 
was linally removed in a water tower, and the Cl 2 dried -by 
a sulphuric acid tower. The nitrous vitriol from the towers 
was used in a Glover tower, or denitrated by dilution, 
and re-concentrated. According to Lunge, the nitric acid 
must be heated to 8o° in order to get good icsults. Davis 
(1890) introduced air into the last of three tow’ers down 
which nitric acid trickled; t his was supposed ir ~ -g-v^ffhite 
nitric acid, but residual NOC 1 had to be absorbed by a sul- 
phuric acid tower — 

(1) 3IICI +HNO3 -Clo+NOCl -I-2H0O 

(2) NOCI+HNO3 =x 2 o 4 + hci 

( 3 ) N 2 0 4 + 2 lIG -N0O3 +H 2 G-j-G, 

( 4 ) n 2 o 3 +o 2 +h 2 o= 2 hxo 3 
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show the Influence of temperature on the yield in starting 
up a Deacon plant : — 

260° No decomposition. 1 

\()()° 5 grains Cl per cu. ft. gas. 

\77° ^ ,, t„ 

W° 17 „ • 

420° 20 ,, 

* U5° 

Chlorine from Magnesium Chloride.-- -The loss of 
chlorine in the Weldon process led its inventor to look around 
for an improvement, and the similar loss in the ammonia- 
soda process also led to attempts at chlorine recovery from 
calcium or ammonium chloride. 

The Weldon-Peehiucy Process consisted in heating 
magnesium chloride in a current of air, and was worked for 
some years at Oldbury in England, and at Salindres in 
France. It has been abandoned, as it could not compete 
with the Deacon process if hydrochloric acid were used as 
initial substance, but it is used at the ammonia soda works 
at Szakoua (Galicia). The reaction involved is— 

2l\IgClo KU> ! i 0 2 ~2MgO-|-2HCl-|-Clo 

The process was worked as follows. A mixture of 
powdered Mg( ) and Mg 2 OCh» froin a later stage of the process, 
made in such proportions that the evolution of heat in the 
neutralization is suitably 1 educed, is dropped into hydro- 
chloric acid until this is neutralized. A little oxide of iron 
and alumina are deposited, and the liquid is run into settling 
tanks. The clear liquid is evaporated in an iron boiler to 
the composition MgCl 2 . 6 H 2 0 , and this is run into a circular 
iron vessel with rotating paddles, where it is mixed with 
powdered magnesia until the mass solidities, producing 
MgoOCl 2 . This oxychloride, which is very hard, is broken 
up byTeftVhg it drop through rollers bristling with diamond 
points. 'The pieces are further dried on shelves, run on 
trucks through a tunnel against a current of air at 300°, 
when 60- per cent, of the water is removed. The lumps are 
tlieh heated in special' brickwork furnaces, previously heated 
to iooo° by large Bunsen burners, and a blastwf air forced 
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lime, *98-99 per cent. CaO) by sprinkling it with tvater and 
turning over with a spade. \Vhen a line powder is formed 
it is allcAved to staftd for ten hours to cool, and is then sieved 
(12-18 wires to the inch). Mechanical slakeis, in which the 
lirne is treated with water ii? dosed vessels with agitators, 
are also used ; they are more rapid and create less dust than 
hand slaking. The powder should contain about 4 per ceift. 
excess water and not 11101 e than 2' 5 p. r cent. CO*. 

The slaked lime is then spicad in a thin la\ei on the lloois 
of chambers made of lead, M it. high, 10-20 It. wide*, and up 
to 100 ft. long, with a floor prepared with asphalt. Two 
doors with glass windows are placed at opposite ends of a 
chamber. The lime is raked intoluiiows by wooden rakes, 
all joints except an air hole (afterwards closed) are luted, 
and chlorine is admitted. The absorption, which is followed 
by observation of the colour of the gas thiough the windows, 
is rapid at first, but slows off, and after 12-24 houis is com- 
pleted. It may 1 )e necessary to lake the lime again and 
rechlorinate, but when the process is finished — recognized 
by the absence of dust iw the powder, which may be kneaded 
between the fingers — the excess of chloiinc in the chamber 
is removed by blowing in a line dust of lime by means of 
a hopper and fan (Brock add Minton, 1 886) . F01 10 tons 

of bleach, 4 to 5 cw r t. lime dust are used, w hich pioducc bewt. 
additional bleach. The product is raked out of the chambers, 
and should contain at least 37 per cent, available chlorine ; 
up to 39 per cent. 4 s manufactured. 

With chlorine from the Deacon plant, or other dilute 
gas, a large number of chambers fitted with shelves, through 
which the gas passes on the counter-current principle, are 
used. They are made of flagstones, with iron pipes, and are 
arranged in pairs, the gas passing up one side and dowqjjie 
other. Eleven double chambers are arranged in^eries, with 
16 shelves in each, on which lime is spread |-i in. thick. 
500 sq. ft. surface are required per ton of bleach made 
per week. 

•m- yr , " ,r 

Hasenclever's mechanical absorbers , 9 consisting of several 
superposed le*d or iron cylinders, through which lime is pushed 
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by worm-screws or scrapers in the opposite direction to the 
gas, are also coining into use ?Fig. 43)- With strong gases, 



such as are produced by electrolytic processes, the chamber 
absorbers are generally used, as too much'-heat is given 


-Hasenc lever Bleaching Powder Apparatus. 
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out in mechanical absorbers, \jdth loss of chlorine as chlorate. 
These. gases might be diluted previous to .absorption with 
the necessary quantity of air. 

The yield of bleaching powder is ii times the weight of 
lime used, and the product is. packed in hard-wood casks, 
or mild steel drums, with the lids not hermetically sealed. 
It must be stored in a cool dry place, as it is liable to decom- 
pose with evolution of oxygen — 

2CaOCl 2 --2CaClo j <) 2 

In hot climates it is therefore best replaced by liquid 
chlorine in steel cylinders. The more free lime is left, the 
better the powder keeps ; exposure to light is very deleterious. 

Besides being extensively used for bleaching fabrics, 
chloride of lime is used as a disinfectant, especially for 
sterilizing water for military purpose's. Tim e parts excess 
available chlorine per million destroys all eoliform organisms 
in a polluted water after half an hour’s contact. 

Calcium hypochlorite, Ca(OCl) 2 , is manufactured by 
the Griesheim Klektron*Co , by passing cliloiine into milk 
o f lime and boiling down in vacuum. It is moic stable • 
than bleaching powder, gives a clear solution in water, and 
contains 80-90 per cent, available' chlorine. 

Sodium hypochlorite, NaOCl, is prepared 111 solution 
(5 per cent, available Cl) by precipitating bleaching povVdej 
with Na 2 C0 3 or Na 2 vS 0 4 , or (in 10-15 per cent, avai lablj 
Cl solution) by parsing chlorine through soda solution. A 
dilute solution is prepared by electrolyzing brine in special 
cells at a low temperature (not above 20° C.). These cells 
(Fig. 44), due to Kellner, arc' usually troughs with glass or 
porcelain partitions wound with platinum or iridium wire, 
which act as “ bipolar M electrodes, i.e. alternate sides 
as anodes and cathodes when the two outside electrodes 
are connected to the source of current. The brine is 
circulated through these cells from a trough underneath. 
About 8500 KAV.H. are required per ton available chlbiin^. 
produced, and a 1-2 per cent, solution fesults* whichTs used 
in bleaching Wood-pulp and cellulose, as a disinfectant, and 
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in modern laundry practice with the well-known rotting 
effect on fabrics. 

The concentration of hypochlorite reaches a limiting 
value, which is determined by a number of circumstances, 
such as the material of the anode, the current densities at 
the electrodes, the temperature, and the original concentra- 
tion of the brine. r The hypochlorite is in fact also decomposed 
by the current, and the limiting concentration is reached 

when as much is decom- 
posed as is formed. The 
decomposition occurs in two 
ways : — 

(i) Reduction by hydro- 
gen liberated at 
the cathode — 
NaOCl |-IV HoO t-NaCl 



(2) Production of chlor- 
ate from the hypo- 
chlorite ion dis- 
charged at the 
anode in prefcr- 
1 cnee to the clilor- 

““1 s ide ion — 

f —4 / bClO'ijHoO- 

||| ^ClOj' I^Cl'+OH’+iJOs 

Both' these effects are 

Fig. 44. — Kellner Hvpochloiite Cell . . . . , 

found to be minimized by 
increasing the current density, and the former is almost 
eliminated by adding a small quantity of potassium chro- 
mate to the electrolyte (Imhoff, 1898). The yield is also 
V> ir '\ase(]J)y keeping the solution neutral, concentrated, and 
cool. 

In the Haas and Oettel cell, the liquid is contained in 
a trough divided into compartments by partitions of carbon 
or. other material, forming bipolar electrodes. The liquid 
enters each compartment below, and the gas evolved rises 
and carries the liquid with it out at the top thfbugh channels. 
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Efficient circulation is thus produced without pumps. Cells 
of thi$ type are now largely used. 

A* mixture of N%OCl solution and boric acid is tised as an 
antiseptic. Solid hypochloiite with 58 per cent, of water 
has been produced in crystals* jjMuspratt and Smith, i8<)8). 

The Chlorate Industry. —In the older chlorate piocess, 
begun at St. Helens in 1847, the first jyoduct is calcium 
chlorate*, obtained by parsing chlorine into hot milk of lime — 

6Ca(OH) 2 -f 6CI0 oCaCf , Ca(Cl() 3 ) 2 I bll 2 () 

The first reaction, according to funge and Landolt 
(1885), is the formation of hypochlorite- - 

(i) 2Ca(OH) 2 -( 2 C 1 2 "Ca(OCl) 2 j CaCl 2 j 2ILO 

This is subsequently decomposed into a mixtuie of 
chlorate and chloride- - 

(ii) jCa(( )ClU Ca(Cl() 3 ) 2 |-2CaCl 2 

The reaction •probably occurs in two stage's, with the* 
intermediate formation of hypochlorous acid, lh pochloious 
acid can in fact be* produced by blowing a eunent of air and 
chlorine through a solution of bloacliiiig*po\\dei---- 

(iirt) Ca(()Cl) 2 j 2CF ; 2IU) CaCF ! 4IICM 

(iib) 2Ca(OCl) 2 1-4IICIO - CaCh, 1 Ca(CK i 2CI., \ 2IHO 

The chlorine acts as a carrier of ox\gen. Heat plow 
without chlorine leads to much loss, as was noticed by Oat - 
Lussac in 1842, owing to the sieh* jeaetion — • 

Ca(()Cl) 2 = CaCl 2 ! 0 2 

The milk of lime should have a specific gravity not above 
j6°~I7° Tw. ; it is contained in a e\ hndiical, cast-iron \ at 
(Fig. 45), 10 ft. in diameter and 5^ ft. high, -with an agitating 
paddle and water-luted tubes. The* manhole is also w.&tjw- 
sealed. Several converters can be used, on {Tie counter- 
current system. The liquid becomes warm, and ffoths at 
first when chlorine is passed through. The temperature is 
kept dowm to 6o°-yo°. Eater on the froth disappear, aiicJL 
the liquid becomes pink from the formation qf permanganate 
if Weldon chlorine is used. The run is finished in from 24 
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hours to 3 days, and the end-point is determined when the 
evolution of chlorine from the liquid on adding HC1 ceases. 
The liquid is run into settling tanks, and may be treated 
so as to produce either potassium or sodium chlorates. 
Formerly the potassium salt. alone was made directly, and 
the sodium salt made from it. Sodium chlorate is much more 
soluble than the potassium salt, and a demand for it arose 
in connection with the manufacture of aniline black. Pechi- 
ney first showed how to prepare sodium chlorate directly 
from calcium chlorate solution. 

Potassium chlorate is prepared directly from the calcium 



chlorate solution by adding a small excess of 95 per cent, 
potassium chloride, and boiling down in iron pans to 70° Tw. 
The liquid is filtered into coolers and left several days to 
crystallize. The impure mass of long aeicular crystals is 
broken up and recrystallized, when pure KC10 3 separates 
in thin plates. Some chlorate is left in the mother-liquor 
with CaCl 2 , but by cooling to — 12 0 , only about 1-5 per cent, 
is lost. 

Sodium Chlorate . — In Pdchiney’s process, an “ enriched 
liquor" 4 ' is first prepared by concentrating ordinary liquor 
to sp. gr. 1 -5 (hot), cooling to io°-i2° C., and separating the 
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crystalline hydrate of calcium chloride in a centrifuge. 

Excels of sodium sulphate is then added pvith continuous 
agitation until all fhe Ca is thrown down as sulphite, which 
under proper conditions is crystalline, and can be filtered 
off. On evaporation most of •the sodium chloride separates 
and can be fished out ; on cooling the chlorate separates out 
almost pure, the mother liquor is used lor the preparation 
of potassium chlorate. 

Muspratt (1883) proposed to use magnesia instead of 
lime, when more chlorate is obtained, but unless the MgCh, 
can be utilized for making chlorine, or precipitated to recover 
the magnesia, the method is not so economical as the lime 
method, which is still largely used. 

Chlorates and perchlorates aie now made on a large 
scale by electrolysis. Solutions of chlorides are electiolyzcd 
a t 45 _I °0 , when the liberated chloiine at once reacts with 
the alkali simultaneously produced, with the formation 
of chlorate. This process was begun in i8qo by Ball and 
Mont la ur in Switzerland, and is also worked in other 
countries where water-power is cheap. Platinum -iridium 
anodes and cathodes are used, placed very close together, 
and a current of 50-60 amps, per sq. dm. at 4*5-5 volts. 
Ihe electrolyte is a 25 per cent, solution of NaCl or 
KC 1 , and the temperature is 8o°. The cathode* liquid * 
is circulated round the anode, and combines with* tl^e 
chlorine. Imhoff (1899) found that the addition of small 
quantities of sodfum or potassium chromates prevented 
the reduction of the oxy-salts by the nascent hydrogen at 
the cathode, and much improved the yield, which is 90 per 
cent, of theory. If the conc< ntratiou does qot fall below 
10 per cent, no perchlorate is formed. The Gibbs cell was 
introduced in 1892 by the National Electrolytic Co. at Niagara. 
The largest works is that of the Corbin Chlorate Co. at 
Cheddes, near Mont Blanc, where 7000-10,000 H.P*. water- 
power is used. 

Perchlorates.— Perchlorates for detonators ar£ pre- 
pared at Cheddes by electrolysis. The process TsT similar 
to that used* for chlorates, but a lgwer current density is 
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used, and "the electrolysis is more prolonged. The chloride 
is first converted into chlorate, and the further oxi4ation 
to chlorate is favoured by having the Solution saturated, 
acid at the anode, using a low temperature and a current 
density of 8-12 amperes per* sq. dm. Ozone is evolved. 
The electrolysis is continued until a 75 per cent, solution 
of NaClOs is produced. This is then crystallized out and the 
chlorate electrolyzed to perchlorate. The yield is 85 per cent. 

The reactions involved in the formation of perchlorates 
are as follows : — 

(1) Discharge of chlorate ions and their reaction with 

water — 

2CU )' 3 d-H 2 0 =HC 10 4 +hcio 2 +0 

(2) Oxidation of the chlorous acid by the oxygen — 

HClOo d- 0 -HCIO3 

The IICIO 3 then reacts again. 

The sodium perchlorate is converted into the potassium 
or ammonium salts by double decomposition with KC 1 or 
NH4CI. The dry salts are liable to detonate by friction. 

< Perchloric acid may be produced from the ammonium 
salt by dissolving it in concentrated hydrochloric acid and 
running the solution into warm concentrated nitric acid. 
Nitrogen is evolved, and on evaporation an oily liquid, 
HCIO4.2H0O, is left. 

Liquid Chlorine. — Liquid chlorine is produced for 
transport in steel cylinders holding about 60 kilograms, and 
is convenient for manufactures requiring only small amounts 
of chlorine or for special processes, such as the preparation 
of chloracetic acid for the synthesis of indigo. It is made 
by compressing pure dry electrolytic chlorine into cylinders 
by. special j) uinps, or by refrigeration. The Badische Co. 
prepared over a million kilos, in 1900 for indigo synthesis, 
and the liquid is also used at Stassfurt for the extraction of 
bromine. A new use for liquid chlorine was introduced by 
the Gferfnans in the attack on Ypres in the spring of 1915, 
when waves of “ poison gas ” — doubtless the accumulated 
stocks of the aniline dye manufacturers — weft released in 
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a vahi attempt to break through the Allred line barring 
the road to the coast. In ecftisequence, the manufacture of 
this product has been successfully taken uj* in Allied 
countries. 
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Section VJ I.— NITRIC ACID. 

Nitre . — In India a considerable* amount of potassium nitrate, 
KX 0 3 , is produced by the slow oxidation of nitiogenous 
organic matter, in the piescnce of bases, by atmospheric 
oxygen. This action occms in t lie presence ot the so-called 
nitrifying bacteiia, and on the site of old villages a total of 
as much as 15,000 20,000 tons of nitie are produced every 
year by lixiviation of the soil. This souice is, therefore, by 
no means iusigifiticaut, and may become moie prominent 
in the near future. The discoveries of accumulations of 
nitre in caves add to ■that produced from the soil in the 
planner indicated. The introduction ot modern sanitatiou 
and sewage disposal, already begun in India, will tend to 
check the production' of nitre, by preventing the accumula- 
tion of refuse nitiogenous matter on the soil, and this nitrogen 
will be lost in the form of sewage, as is the case in 'nicest 
civilized countries. 1 C veil in Kngland during the shortage 
of saltpetre in tht: Civil Wars, nitre was procured by the 
lixiviation of the soil of graveyards. During the isolation 
of France after the Revolution, the supply of saltpetre 
required for gunpowder ran short, and Iferthollet was • 
commissioned to investigate the possible sources of the salt. 
He showed how to extract it from the soil, and saltpe-ffe * 
works were established in great numbers to" furnish the 
large supplies needed for the prosecution of the wdr. But 
for the investigations of this celebrated chemist, the history 
of France would have been very different during tha£ 
momentous period. I11 modern tintes, the blockade of 
Germany Jidfe imposed on the chemists of that country the 
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task of supplying the nitrates which are the staple dfet of 
the god of war, and the problem has been solved in a manner 
which wilPbe described later. f * * « 

The conditions favouring the production of nitrates in 
the soil are a plentiful supply of readily decomposable 
nitrogenous organic matter, a dry climate with little rain, 
the presence of a mild alkali, such as the carbonates of 
calcium, magnesium or potassium, or decomposing felspar 
(either naturally present in the soil, or added to the nitre 
beds), and a temperature of about 37 0 C. The nitrates 
obtained on lixiviation, after a sufficient and usually con- 
siderable length of time, are those of calcium, magnesium 
and potassium. Potassium carbonate in the form of wood- 
ashes is added to precipitate the calcium and magnesium 
salts, and the decanted liquid is boiled down in cauldrons 
till it crystallizes on cooling. It is then poured off from 
the sediment, and allowed to stand 24 hours for the nitre 
to crystallize. The crude saltpetre, conthining about 80 
per cent. KN() 3 , is refined by treating with a quantity of 
boiling water insufficient for complete solution, adding a 
little glue to precipitate the colloidal impurities, and cooling 
rapidly, with stirring, in wooden vats. It is dried, sifted, 
and packed. Potassium nitrafe required foi the manu- 
facture of gunpowder is also largely made from the sodium 
nitrate of Chili, which is too deliquescent for use directly. 
Kquivalent quantities of sodium nitrate and potassium 
chloride are dissolved in water, the potassium chloride 
being first dissolved to sp. gr. 12, and then the nitrate added 
to bring the specific gravity of the hot liquid to 1*5. The 
sodium chloride produced, being less soluble in hot water 
then the potassium nitrate, is deposited, and the clear 
liquid if allowed to cool deposits the nitre in crystals, which 
are washed tsith water and dried — 

NaN0 3 +KC1 =NaCl +KNO 3 

Potassium nitrate is the least soluble of the four salts at 

n* ^ 

low Temperatures. < 

Another process consists in the interaction of barium 
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chloride and sodium nitrate^ and the decomposition of the 
bariupi nitrate by potassium sulphate. 

Of much greater importance than potassium* nitrate is 
the supply of sodium nitrate in the vast deposits of Chili. 
The zone of nitrates there apjjeais to cover about 77,000 sq. 
miles, of which less than 3 per cent, is explored and pros- 
pected. In the surveyed area alone the siymly is 2 {o, 500,000 
tons, and this, measured at pre-war production, is stated 
to be sufficient for 100 years, although estimates of this 
important figure vary eonsideiably ; altogether a 300 years’ 
supply is reasonably expected. 

The deposits occur in a distinct stratum of earth con- 
taining 25-50 per cent, of nitrate, called caliche , renting 
upon soft clay, and covered with a compact top layer 
known as the costra, containing less nitrate. Jn work- 
ing, the surface soil is lemoved, and holes are bored in 
the caliche through the costra. Charges of slow-burning 
blasting powder* are inserted and tamped, and the caliche 
broken into bits by the explosion. The pieces are picked 
out by hand and IrAnsported to the lixiviation works, 
railed the o/Jlc ina. Here the caliche is crushed and lixiviate /1 
with boiling water. The clarified solution is run off into 
wooden vats and allotved to crystallize, yielding 40 per cent, 
of crude nitrate, and 60 pel cent, mother liquois, which 
are used for lixiviating fresh caliche. The crystal are 
washed with a small quantity of water, and dried in the sun. 
The crude salt as*exported contains o5-qb per cent. XaN() 3 , 
and usually contains potassium nitrate, from traces up to 
8 per cent. About 1 lb. of fuel is required in this method 
for 6 lbs. nitrate, but by improved processes, qp to 16-iq lbs. • 
of nitrate should be obtained per 1 lb. fuel. The extraction 
is performed in tanks similar to the Shanks lixi viators 
(p. 73), and the loss 1 educed from 32 per ceTit. in the old 
method, down to about 5 per cent. By this method, poorer 
qualities of caliche, including costra (7-16 per cent, nitrate), 
are workable. * * 

The mother liquors are used to* some* extedft for the 
extraction eff iodine (p. 276) . Caliclje also contains potassium 
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perchlorate, KC 10 4 , sometimes to the extent of 4 per tent., 
which, as it exerts a toxic effect on plants, is removed by 
allowing the crystallization to take plafh from the \iarm 
liquors, in which it is more soluble than sodium nitrate. 
The crop of crystals so obtained is practically free from 
perchlorate. O11 cooling, the two salts separate together, 
bul when the product is treated with cold water the nitrate 
is dissolved ; practically all the perchlorate is left in a suffi- 
ciently pure state to be used, and was shipped to Kurope 
until the modern electrolytic methods lowered the cost so 
far as to make it unprofitable to export the salt. In con- 
sequence since 1901, Chili nitre has usually come into the 
market containing up to 3 per cent, perchlorate. If in- 
tended for agricultural purposes the nitre should therefore 
be tested for this salt. 

The price of Chili nitre has lisen about 50 per cent, 
during the war, but there is no doubt that the selling price 
could be very much reduced by competition if alternative 
sources, such as nitrates from the air, or from the oxidation 
of ammonia, arc developed on a sufficiently large scale. 
If has been stated' that the minimum cost price is only 
about one-third the average pre-war selling pi ice, exclusive 
of duty. This is a fact which must be taken into con- 
sideration when the possibility of the economic production 
of nitric acid from the air or from ammonia is contemplated. 
By improved methods of production, financial combination, 
and the reduction or abolition of export duty, a rock-bottom 
selling price of £3 10s. 0 d. per ton in Chili is predicted as a 
possibility. 

The exports of nitre from Chili have been as follows : — 


Year. 

Export in tons. 

1 Year. 

Export in tons. 

M 

oc 

CO 

0 

CO 

16,780 

1890 

1,000,000 

1865 

491,100 

1895 

1,267,000 

1875 

334 »°oo 

1905 

1,705,000 

18,85 

512,600 

1915 

2,090,000 


In 1904 the estimated cost of one ton Chili nitre at the 
works was £1 5 s. 2 d. to £3 155. 3^. ; in 1905 the cost in sacks 
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delivered on board ship, including export duty, was estimated 
as £4 13 s. 6 d. to £5 1 ys. 6 d. ; Tn 1908 it varied from £7 8s. or/, 
to £e los. 6d. Tip Nitre Syndicate in Cliili was dissolved 
in 1909, and the price of nitre at Liverpool fell from £1 1 j\s. 3d. 
in 1907 to £8 ys. 3d. in 10 si. The extensive fluctuations 
of the price of Chili nitre, evident from these figures, make 
it very difficult to foim an idea what effect the competition 
of the newer sources of combined nitiogcn will have on the 
price of natural nitre in the future, before the itnpovei ishment 
of the deposits gives a new aspect to the question. That 
the competition will become severer, owing to t lie lowering 
of the price of nitre, is undoubted, even if the low figure 
quoted above (on the ant hoi it y of the Chilian Embassy in 
the United States) is not realized. Another complicating 
factor is the aitiiieial icgulation of the pi ice of ammonia 
by that current for nitre, because ammonia is the most 
promising starting-point for the newer methods of pioducing 
nitric acid, aim it will be necessary to examine closely 
what are the real costs of ammonia from the various sources, 
as contrasted with the. artificial prices of the gas-woiks and 
Recovery ammonia sold in competition with Chili nitre. 
A falling price of Chili nitre might conceivably be an advan- 
tage than otherwise to tire ammonia oxidation process, 
because the price of ammonia would neccssatily be reduced' 
at the same time. There is reason to suppose that the 
average price of by-product ammonia is about five times 
the actual cost of production. 

Less important deposits of sodium nit 1 ate have been 
discovered in Colorado, Salvador, Texas, Peru, Persia, the 
Sahara, Egypt, and Asia Minor. 

Chili nitre has two main uses- - 

(1) As a fertilizer, about four-fifths being so utilised 

under normal circumstances ; 

(2) As a source of nitric acid, for the manufacture of 

explosives, aniline dyes, and allied products, which 
account for the remaining one-fifth. . * 

The so-called Nitrogen Problem arose gut oriwo main 
factors — # * 
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(1) Th6 former very large dependence of all chftlized 

countries on the single source of supply of confined 
nitrogen in the Chilean nitrates, ? * 11 

(2) The future exhaustion of these deposits. 

Attention was called to phis problem by vSir William 

Crookes in his Presidential Address to the British Associa- 
tiin in 1898, which has been reprinted, with additions, in 
a book called “ The Wheat Problem ” (second edition, 
London, 1905). The same authority pointed out that, as 
nitrogen exists abundantly in the free state in atmospheric 
air, the nitrogen problem is therefore identical witli the 
problem of the fixation of nitrogen. The nitrogen contained 
in the air above 1 sq. mile of the earth’s surface amounts 
to 20,000,000 tons. In most countries, such as Germany, 
France, Norway, Switzerland, and Austria, extensive re- 
search has been made during the last ten or twenty years 
with the object of solving the vital problem of the utilization 
of atmospheric nitrogen — vital in the true £ense,in that the 
very existence of mankind is determined ultimately by the 
food-supply, and this in turn on the supply of fertilizers 
tor agriculture. In the case of Germany at least, this problem: 
has been solved with such success that it has been possible 
for that country to carry on the most extensive war in history, 
'consuming prodigious amounts of nitrates for the manu- 
facture of explosives, without the importation of a single 
pound of nitre from Chili. The situation of Great Britain 
and America is, on the contrary, extremely unsatis- 
factory, since both these countries, especially the former, 
are almost entirely dependent on the Chilian sources of 
supply. 

The position cf England with regard to synthetic nitrates 
i9* all the more surprising when it is remembered that 
attention w&s first called to the nitrogen problem by Sir 
William Crookes, whose experiments made in 1892, together 
with those of Lord Rayleigh in 1897, first indicated the 
possibility of the fixation of atmospheric nitrogen on a large 
scale. 'These experiments, in their turn, were based on 
the early work of Cavendish, who in 1781 Observed the 
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formation of nitric acid when hydrogen was burtied in air, ' 
and yi 1785 produced oxides of nitrogen by passing a series 
of efec{ric sparks tjhrough a confined volume of dr. Davy, 
in 1800, also produced oxides of nitrogen by passing air 
over a platinum wire heated, by the electric current. The 
experimental foundations of the new industry were thus 
laid in this country. * 

In 1899 Macdougall and Howies, in Manchester, carried 
out the first technical experiments 011 the fixation of nitrogen 
by burning air in the electric arc, but the technical process 
was only realized by the work of the Norwegians, Ilirkeland 
and Hyde, in 1902, who laid the foundations of the present 
industry in Norway. 

Nitric Acid from Nitre. The production of nitric 
acid from saltpetre was known at least as early as 1250, 
about which time the Spanish alchemist Raymond Lully 
described the distillation of nitre with clav, when weak 
nitric acid is formed — 

2KNO34- -SiO, f H 2 ()=KoSi() 3 [ 2HN() ;} 

The distillation of saltpetre with* sulphuiic acid w^s 
carried out by Glauber (d. 1668), and nitric acid was also 
obtained by him oh distifling alum and nitre— a process 
actually patented by Garroway in 1895. # ' 

Nitric acid is usually prepared in the laboratory Jj>y 
distilling a mixture of potassium nitrate and concentrated 
sulphuric acid iif a glass retort, and condensing the nitric 
acid vapour in a cooled receiver. This is a special ca.se of 
the first general method for the preparation of acids (p. 65). 
The interaction of potassium or sodium nitrate with sul-, 
pliuric acid leads to the establishment of. the state of equi- 
librium — 

kno 3 +h 2 so 4 $khso 4 +hng 3 

The product HN 0 3 , being the more volatile of the two 
acids, may be removed by distillation ; the equilibrium is 
then disturbed, more nitric acid being prc^lucefTf and ulti- 
mately plastically the whole of the nitric acid is expelled. 
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If the distillation is carried on below 200 ° (nitric acia boils 
at 86 °) the chief reaction is — 

KNO 3 1-HoS0 4 =KHvS0 4 +jHN0 3 

or a similar reaction if sodiunnnitrate is used. 

If, however, excess of nitre is present, and the temperature 
is "raised to about 250°, the acid salt, KHS0 4 or NaHS 0 4 , 
reacts further wit!h the nitrate to form the neutral salt, 
and another molecule of nitric acid is obtained— 

KN 0 3 - 1 - KI LS 0 4 K 2 S() 4 -|- II Nt ) 3 

It is dihicult, however, to push the decomposition so 
far in a glass retort, because the latter is usually cracked, 
and some nitric acid also decomposes at the higher tempe- 
rature with production of red fumes of oxides of nitrogen — 

4HNO3 ..-4i\0 2 I-2IT0O |-() 2 

This reaction occurs with increase of volume, and is 
therefore favoured by reducing the pressure. It is, in fact, 
observed that at the beginning of the distillation, when 
air is present in the retoit and the v partial ])ressure of the 
nitric acid vapour is low', copious red fumes of oxides tX 
nitrogen are evolved, but as the distillation proceeds, and 
the air is expelled, the colour of the vapours becomes much 
"paler, until towards the end, when the temperature rises and 
red fumes again make their appearance. 

All these facts arc of importance in the manufacture of 
nitric acid, because the ordinary retort process is simply 
the laboratory experiment translated into chemical engi- 
neering practice. Instead of glass retorts, iron stills holding 
up to one or tv r o tons of nitre are used, and the acid vapours 
are condensed in a suitable cooling apparatus. 

According to the equations — 

NaN0 3 +H 2 S0 4 =NaHvS0 4 + HN0 3 
NaN0 3 +NaHS0 4 =Na 2 S0 4 +HN0 3 

we haye by addition— 

<t; - 2NaN0 3 T*H 2 S0 4 =Na 2 S0 4 +2HXO 3 

The actual decomposition, however, almost certainly 
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proceeds in two stages as described, the acid sulphate being 
first fprined and then reacting with a second molecule of 
the sdlt of the volatile acid, as in the preparation of hydro- 
chloric acid from salt and sulphmic acid (p. 6i). 

The equation- - 

2NaXO :r i 1I 2 S() 4 -NaovSOi I 211X0., 

170 ()8 1 42 *»l2b 

would give the proportions — 

100 parts Cliili nitre (()5 per cent. XaX() 3 ) 

58‘8 parts sulphuric acid (43 per cent. 1I 2 S0 4 ). 

In practice different propoitions are used, because the 1 
preparation according to this equation would lead to decom- 
position of nitric acid with production of oxides of nitiogen 
which are difficult to condense and colour the acid yellow, 
and to the formation of a hard, dilficultly-fusible residue 
of sodium sulphajc which would have to be chipped out of 
the retort. To avoid decomposition of the nitric acid, 
and to produce the more icadilv fusible acid sulphate, 
NaHS0 4 , know'll as sodium bisulphate, » 

*‘(i) Weaker sulphuric acid is used, viz. 63-67 per cent.," 
sp. gr. 17-175, usually 172 * 

(ii) An excess of sulphuric acid is used. 

It is usual to add at least 20 -30 per cent, excess of acid, 
and more is often used, so that the residue approaches tire 
composition of the acid sulphate, XaIIS() 4 . The following 
proportions have been stated •- 

(1) For cylinders : 305 nitre 4-240 sulphmic acid. 

(2) For pot-retorts : 

(a) 250 nitre j 288 sulphuric acid (66° ^e.) 

or 300 sulphuric acid (Go° Be.). 

(b) 650 nitre (96 per cent.) +700 sulphuric acid 

(sp. gr. 1-84). 

The most recent practice in Kngland appears to be to 
add a little more sulphuric acid than nitre by weight, v&.~ 

Chili nitre (95 per cent. XaX0 3 )*i pari? 

Sulphtfric acid (93 per cent. H^SO), ro8 part 

10 


B. 
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for the charge. This produces, with a 98 per cent, efficiency 
of working, 072^ parts of 95 per cent, nitric acid. If weaker 
sulphuric acid is used (cf. (1) above) , w about 70 per cent, 
nitric acid is obtained, but there is less frothing in the 
distillation. 

In the older process the retorts were iron cylinders 
5 feet long by 2^ feet diameter, set in pairs in brickwork 
over a fire so as to get the most uniform possible heating 
(Figs. 46 and 47). One end was fixed, and carried the 
delivery pipe, and the other was removable, for introducing 
the charge and running off the residue. In another type 
the ends of the retort were closed by Yorkshire flags cemented 
on with a mixture of iron filings, sulphur, and vinegar. 
These flags had holes fitted with plugs for charging, and 
the fused residue was run off by a pipe. The upper part 
was sometimes lined with acid-resisting bricks, but the 
cast iron withstands the action of nitric acid vapour, and 
if the retort is heated so that no condensation can occur on 
the upper part, a lining is not necessary. Such retorts 
were made up to a capacity of 6oo kilos of nitre ; they 
consumed 40 kilos of coal per 100 kilos of nitre, and 15-20 
hours were occupied in working through 011c charge. The 
new stills described below take up to 2 tons of nitre (2000 
kilos), require only 20 kilos of coal per 100 kilos of nitre, 
and work off the charge in about 15 hours. The older 
stills are, however, in use in some of the smaller works. 

Condensation of the nitric acid vapour was effected in 
the older apparatus by means of ten or more large stoneware 
Woulff’s bottles, or large stoneware spiral tubes, or a com- 
bination of the two. A design of a two-still plant of the 
older type is shown in Fig. 47, and comprises both types of 
condensing apparatus. In some cases intermediate air- 
cooled glass tubes, 10-13 f ee t long, were placed between 
the stills and the condensing worms, the latter being im- 
mersed in cold water. These stoneware condensing worms 
have'tb be carefully made, to resist the acid and changes 
of temperatuie ; th r ose made by the firm of Doulton, of 
Lambeth, have long possessed a good reputation. Latterly 
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they have been replaced to some extent by silica spirals, 
3 inches in diameter and 30 /eet long, which are less liable 
to crack.' These cost about £30 each. , « 

Arrangements were sometimes made by means of three- 
way stoneware cocks lo sepmate the distillates at different 
stages of the process, which vary somewhat in strength. 
l v he last j >oi t ions of the distillate are weaker than the 
intermediate portion, probably on account of the re- 
action— 

2 N aILS0 4 — Na 2 S 2 0 7 + H 2 0 

occurring at higher temperatures, which also causes frothing. 
The first portions of distillate contain the water present 
in the nitre. 

The parts of the condensing apparatus may be luted 


with one of the following putties, w 

liicli resist 

the action of 

nitric acid quite well 

n. 

l. 

China clay 

. . 20 

20 

Asbestos powder . . , 

. . 40 

40 

Iffnseed oil . . 

. . 21 

18 

vShort-ffbre asbestos 

.. 8 

8 

Tallow 

. . — 

2o 

The oxides of nitrogen in the exit 

gases are 

absorbed in 


a tower in which water circulates over hollow stoneware 
balls or rings. An older type of condensing tower is the 
Rohr maun tower, in which the gases enter at the bottom, 
together with sufficient air and steam to produce dilute 
nitric acid, which is condensed on inverted perforated 
stoneware jars standing on perforated shelves in the tower. 
The reaction is then— 

4 N 0 2 + 0 2 + 2 H 2 0 = 4 HN 0 3 

Working as described, with sulphuric acid of density 
172, one obtains a nitric acid of sp. gr. 1*38-1 -41. To 
obtain a stronger acid, sp. gr. 1*5-1*52, sulphuric acid of 
sp. gr. i*hg must be used, but then frothing is liable to 
occur, when sulphuric acid and salts are carried over, and 
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also cfcrides of nitrogen produced which colour chc nitric 
acid yellow. This yellow colour came to # be regarded as 
an indication of t^e strength of the nitric acid! since it 
usually appears in the preparation of the strongest acid, 
and an acid containing dissolve*! oxides of nitrogen is specially 
prepared, under the name of “ Fuming Xitiic Acid/’ by 
distilling a mixture of ioo parts of Chili uitie, ioo parts 
of sulphuric acid of sp. gr. I 85 , and 3*5 parts of starch. 
The starch reduces a portion of the nitric acid to oxides 
of nitrogen, N 2 G 3 and N 2 ()j, which dissolve in the concen- 
trated nitric acid to form a yellow solution, which has strong 
oxidizing properties — the lower oxides of nitrogen acting 
catalytically in many reactions with nit 1 ic acid, such as the 
dissolving of metals. If this yellow liquid is diluted with 
water it turns green, and if a large amount of oxides of 
nirogen is present, even blue, owing to the formation of 
nitrous anhydride, N 2 () 3 , which has a deep blue 
colour — 

N 2 Oi l-ILO IINO.vl-HNO, 

2IIXO0 N,() 3 |IU) 

'"For many purposes, however, as in dyeing, the acid* 
must be free from lower oxides of nitiogcn, This acid is 
made by warming the yellow acid to 60 ' .and blowing 0 

a current of dry air through it, when the oxides of nitrogen 
are carried off. Hirsch ( 1888) allowed the acid to tiickfc 
continuously down # a spiral tube, ti]) which warm air wal 
passed. Another, less satisfactory, method of separating 
oxides of nitrogen is to add to the yellow' acid a little 
lead peroxide, Pb0 2 » when the oxides of nitiogcn are 
converted into lead nitrate, which as it is insoluble in 
strong nitric acid separates along with the excess of lead^ 
peroxide — 

PbOo | N 2 O t -rb(X() 3 ) 2 

The insolubility of lead nitrate in strong nitric acid 
allows that acid to be passed through lead pipes* ; if 
water is admitted, however, the ^iietal » is ^violently 
attacked. 
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The following grades 

ot nitric 

acid are macfe 

sold : — ^ 


1 

Degree 

t 

Percentage 

Trade name. 

Sp. gr. 

Twaddel. 

HNO s . 

Single aqua-fortis . 

. / 1-420 

84 

70 

Double aqua-fortis 

1*500 

100 

94' 1 

Monohydrate 

• i'520 

IO4 

IOO'O 


Other impurities present in the commercial acid besides 
oxides of nitrogen are sulphuric acid and sodium sulphate, 
carried over mechanically as spray from the retort, chlorine 
from chlorides present in the nitre, iodine from iodates, 
and occasionally perchloric acid from perchlorates often 
found in Chili nitre. The sulphuric acid is chiefly confined 
to the acid collecting in the lirst receiver, whilst chlorine 
collects further on in the series, usually in the third receiver, 
owing to the formation and decomposition of the nitrosyl 
chloride produced — , 

3HC1+HN()^N()C1+C1 2 +2H 2 () 

NOG -|-II 2 () — HN0 2 .fHCl 

'jHNOo— HNO3 1-2N0-(-H 2 0 
2 N()+Cl 2 --2NOCl 

The pcrcJilo r ic acid comes over at the end of the dis- 
tillation, as the stable hydrate, HCIO4.2H0O, has a boiling- 
point of 200°. 

* Modern Nitric Acid Plants. —The improvements 
introduced in the manufacture of nitiie acid from nitre have 
been in the following directions : — 

(1) Improved design and increased capacity of the 

retorts (up to 2 tons of nitre). 

(2) Condensers of increased efficiency. 

(3) Working under reduced pressure, 

(4) Improved methods of condensing the oxides of 

nitrogen in the exit -gases, or the reduction in the 
amount of these oxides produced. 

With a modern plant the cost of production of strong 
nitric aci5 amounts to about £18 per ton, with Chili nitre at 
£8 per ton (cf. p. 159). , 
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The retort or still (Fig. 48) consists of a laige*pof made 
of cast iron, or one of the acid-resisting alloys mentioned 
on p.^f ; it is cast>jn two or three pieces which arc clamped 
together with asbestos packing and built up in a brickwork 
furnace so as to allow' of ver\Muiifoim heating. At the top 
of the retort is a manhole for introducing the chaige, and 


an exit pipe for the vapours 
of nitric acid, which is 
usually made of stoneware, 
acid-resisting metal, or 
silica. In this exit pipe is a 
“ lantern,” i.c. a stonewvare 
box with glass window's, or 
else a short length of glass 
pipe, for the purpose of 
observation. As already 
mentioned, the retort takes 
up to 2 tons of nitre per 
charge, requires 20 kilos of 
coal per 100 kilos nitre, »and 
works off the charge in 15 
hours. In the latest Valen- 
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48 -Moilnn Nitric Acid Retort. 


rctoit, f > 9 charging hole ; c, lan- 
tern, d, discharge pipe. m 


tiner plants it is claimed tflat 5 hours aie sufficient. Gas 
tiring is also used. The pro])ortions of nifre'and sulphuric* 


acid are the following, allowing a 30-per-eent. acidity in the 


nitre-cake : — 


Nitre (95 per cent. NaN() 3 ) . . 1 ton 

Sulphuric acid (93 per cent. ILSOj) 1 08 tons 
or Sulphuric acid (80 per cent. II 2 S() 4 ) 123 tons. 


The nitre should be dried by gentle heating before use. 

The weaker sulphuric acid produces a weaker nitric 
acid but causes less frothing. With acid not stronger than 
80 per cent. H 2 S 0 4 there is very little frothing. Less 
sulphuric acid may be used, but then the residual nitre- 
cake is less fusible, and more difficult to remove,, and the 
life of the retort is correspondingly reduced. 

At the # tfottom of the retort is a run-off pipe fitted with 



152 \alkali industry 

a plug, from which the still fluid residue of acid sodium sul- 
phate is run off after the distillUtion into an iron pan to form 
on cooling a solid sheet of nitre-cake, which is broken up 
with a hammer. 

Processes for continuous working, by feeding in nitre 
and sulphuric acid, and removing the nitre-cake continu- 
ously, have also been patented, but are very little used in 
this country. Alrangements for heating the retorts by 
means of an oil-bath have also been described. 

According to the arrangement used for condensing the 
vapours of nitric acid, theie are several patented nit i ic 
acid plants, of which the following are the best known : — 

(1) The Guttmann System. 

(2) The Hart System. 

(3) The Valentiner System. 

GuttmanrGs Nitric Acid Plant. In this system the 
vapours from the retort are mixed with sufficient air before 
condensation to oxidize the lower oxides of nitrogen to 
nitric acid in the presence of water. In view of the fact 
that nitric acid vapoui tends to decompose with formation 
of oxides of nitrogen when the pressure is reduced, say J~>y 
admixture with an indifferent gas, the wisdom of Guttmann’s 
mode of procedure is not altogether clear on theoretical 
•grounds, and tile same may be said of the process of 
Valentiner, in which a reduced pressure is produced through- 
out the apparatus by means of a pump. Both processes 
aie said to give excellent results in practice, but this may 
be partly due to the care which is taken to recover the oxides 
of nitrogen, which are certainly produced in both processes. 

In Guttmann’s system the vapours from the retort are 
mixed with air either by admitting air, pieheated bypassing 
through a tube in the furnace flue, into the delivery pipe 
from the retwrt through a narrower tube inserted into the 
outlet pipe, or in another arrangement by sucking air into 
an enlargement connected with this outlet pipe, or through 
perforations in the socket-pipe connecting the outlet with 
the cond<snsin£ arrangement. The fust arrangement is 
more under control, as the second and third depend on the 
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sucticyi produced by the nitric acid vapour for the admission 
of air, * 

Tfie* condensing arrangement (Fig. 40) consists of a 
preliminary receiver 0 to collect spray from the retort, 
and the battery ]) of six vertical stoneware pipes with 
bends above and a connecting pipe below in which the 
condensed liquid acid collects, and from which it 1 1111s f>iT 
into the stoneware receiver K. These pipts, except the hist, 
are immersed in a tank of water. The exit pipes from 



A, retort; 13, air tube, C, spi.iy catcher; I), condenser; I., collection 
bottle, F, abruption tovv< r. ^ 

• 

the receiver and the condenser are joined, and lead the 
gases containing oxides of nitrogen to the absorption tower, 
or set of towers, F. These are made of acid-resisting stone- , 
ware pipes, 36 in. diameter, in 3-ft. sections, to a height 
of about 12 ft., and are packed inside with hollow perforated 
stoneware balls, down which water trickle;. The acid 
collecting at the bottom of the tower is lifted back to the 
top, and so circulates until it reaches a strength of about 
60 per cent. HNQ 3 , when no further absorption occurs. 
This acid may be put back into the still witlyi ji*w charge. 

The reactions in the absorption towers depend on the 
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' temperature, and take place somewhat slowly, because 
sufficient time njust be allowed for the oxidation of nitric 
oxide, NO, to nitrogen dioxide, NG 2 , thy* being a sohicwhat 
slow reaction with dilute gases. With io per cent, by 
volume of nitric oxide in air ^rtime of contact in the towers 
of two and a half minutes should be allowed ; with 20 per 
ceftt. gas, such as is usually met with in retort plants, one 
minute is sufficient. 

Below 50° C. the reactions in the tower are — 

(1) 2NO0 pH 2 0 =HN 0 3 +HN 0 2 (rapid) 

(2) JHN() 2 ==HN t 0 3 4 - 2 N( ) +Ho( ) (slow) 

(2 a) IINOjj |-N 0 2 =HN 0 3 +N 0 (rapid) 

(3) 2 N()+ 0 2 = 2 N 0 2 (slow) 

Above 50° practically no nitrous acid is produced, and 
the reactions are — 

(1) jNOg |-H 2 ()=2HN()3-pNO (i;apid) 

(2) 2NO4 0 2 = 2 N() 2 (slow) 

The maximum strength of acid which can be produced 
btv the absorption of oxides of nitrogen in water in town's 
is about 68 per cent. I 1 N 0 3 ; the absorption becomes slow 
at about 55 per cent. stiengfh, and the usual strength 
bbtained is 60’ per cent. 

, The tower packing should occupy as little space as 
possible (about 10-20 per cent, of the tower space). Per- 
forated hollow stoneware balls (Guttmann balls), or stone- 
ware rings 4 in. diameter and 4 in. high, piled up in tiers 
so as to break up free channels (Raschig rings), are suitable ; 

• dense packing such as flints or granite blocks is quite un- 
suitable, as it takes up too much space and reduces the time 
of contact of the gases in the tower which is required for 
the oxidation of the NO. Coke, slates, and brickwork 
packing* are worse than useless for nitric acid, as they rapidly 
disintegrate and choke up the towers. 

The loss in an efficient Guttmann plant should be less 
than 1 pei^e^t. ; 2 per cent, is easily attained, but 5 to 7 
per cent, of the total acid is in the form of \teak acid in 
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the tower, which is recovered as strong acid ifi the next, 
distijjation. One ton of nitre can be wprked through in 
10 libtirs in each %till, and the discharging and recharging 
of the retort take 2 hours. A plant of four stills costs £1450, 
with buildings and erection % it produces 0820 lbs. of 06-5 
per cent, acid in 24 hours, requiring the labour of four 
men, and consuming 15 cwt. of coal. * 

Hart’s Nitric Acid Plant.— -In Hart’s system the 
condensation is effected in horizontal glass tubes 2 metres 



A, cooling tubes; B, C, upright stoneware tubes; D, dehvciy pipe fr^pi 
retort , K, receiver. 

long and 4*5 cm. diameter, connected with two widef vertical 
stoneware pipes, to one of which the delivery pipe from the 
retort is joined (Fig. 50). The pipes are cemented* with a 
mixture of asbestos powder anefr watefcgkss. Cotton 
“ sponge-jcl&ths ” are hung over the glass tubes and cold 
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water dropped on them from above. The acid rune out 
at the bottom to a receiver. 'The cost of a plant of the 
same capacity as the Guttmann described above is £1200, 
the costs for labour and fuel being about the same. The 
Hart condensing plant has given very satisfactory results, 
and is in addition cheap and easily repaired. 

"Silica Condensers. — In modern plants the stoneware 
cooling worms are often replaced by coils of “ Vitreosil,” 
or semi-fused silica, 3 in. diameter and 30 ft. long, and 
complete condensing plants of silica in the form of S-pipes 
with flanges and sockets like stoneware pipes, are now on 
the market. These are set horizontally, luted with asbestos 
and water-glass, and are very good, although leaks at the 
connections are liable to develop. The vapours may pass 
in the same direction as the liquid acid, or in the opposite 
direction, when the system is called a u reflux " condensing 
system. 

Uebel’s Process. — In this process (Brii. Pat. 19881 of 
1913) the whole of the sulphuric acid is put into the still, 
but only part of the nitre, and the distillation carried out 
at 140°, when the whole of the nitric acid is expelled in,a 
very concentrated form (Phase I). The rest of the nitre 
is then introduced gradually, and the temperature raised 
to i 6 o°-i 70 °, when concentrated acid also comes off (Phase 
II). The receiver is then changed, and the temperature 
raised to 250°, when a weaker acid distills oif. The ad- 
vantages claimed for this process are the production of 
a very concentrated acid, the absence of crust-formation 
in the retorts, the absence of frothing, and an even dis- 
, filiation. 

Production of Nitric Acid under Reduced Pressure : 
tke Valentiner Process.- A new method of producing 
nitric acid from nitre was introduced by Valentiner in 1891, 
in whiclrthe process was cairied out under reduced pressure. 
The still holds 1 ton of nitre, and is connected with a con- 
densing apparatus, at the end of which is a vacuum pump 
with a 12-iK - cylinder, having a 16-in. stroke, and working 
with 60 revolutions per minute. The nitric &cid distils 
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off at»a temperature of about ioo° under the reduced pres- 

sure of about 25 in. of merctiry, and theie is claimed to be 
• ... • 
less de(?omposition*[nto oxides of nitrogen than in distillation 

under atmospheric pressme. 

The vapour from the stilVA th'igs. 51 and 52) is passed 
through a preliminary cooler 11, half tilled with pumice to 
stop spray, and then to one or two silica or stoneware 
spirals C, connected in seiies or parallef and immersed in 
cold water. The concentrated acid (96 per cent ), which 
forms 80 per cent, of the distillate, is collected in the leceivcr 
a , and the weaker acid is collected in the receiver b by 
means of a three-way stopcock. After these receivers is 
a reflux condensing coil 1), in which acid is condensed and 
runs into a receiver c. From this coil the vapour passes 
to a number of stoneware Woullfs bottles, K. The first 
half of these are empty and hall filled with water alternately, 
and the second halt are empty and half filled with milk of 
lime, alternately*. These serve the purpose of the towers 
in the Guttmann plant, but are less eflicient, so that in the 
newer types of Valentine r plant the bottles are replaced 
b> towers, P. Finally the exit gases* freed from oxides 
of nitrogen by the milk of lime, are sucked off to the vacuum 
pump G, which draws in sortie caustic soda solution at each 
stroke to minimize coirosion. 

The advantages of the Valent inor system are the slxnter 
time needed for working the charge, the low fuel con- 
sumption, absence* of leakage to the outside, and the hijjh 
concentration of acid produced. Its disadvantages are its 
high capital cost, danger of frothing, and the liability of 
the pump to corrosion. The danger of frothing is reduced 
by the improvement of Valentiner and Schwarz (Germ. Pat. 
144,633 of 1902), in which 95 per cent, sulphuric acid if 
added a little at a time, and the vapour of nitric acid washed 
with concentrated sulphuric acid. 

The first part of the distillation is carried out at 80 ° ; 
the second part (when Na 2 S 0 4 begins to be formed) at 
I20°-I30°, under 650 mm. pressure, 4ifstea dj^Lr i63° as in 
the ordin^rf processes. At the end, the pump is stopped 
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and the temperature raised to 175 0 to melt. the nitre 
cake. J ^ 

Patents for the automatic charging and discharging 
of the retorts have apparently not proved successful in 
practice, as nearly all plants ^t ill work on the discontinuous 
system. 

In Raschig’s process the vacuum is maintained by long 
balancing columns (cf. Pig. 1), the distillation being carried 
out at 170°. The materials are supplied and the lesidues 
removed by long vertical pipes to give the requisite 
head. 

Nitric acid over 90 per cent, strength may be stored in 
iron tanks lined with chemical lead ; weaker acids should 
be stored in stoneware jars or glass carboys. 

The Cost of Nitric Acid by the Retort Process. 
The capital cost of a (iuttmann plant for the production 
of 9820 lbs, 96 5 per cent, acid per 29 hours, inclusive of 
buildings and election, but exclusive of any royalties, is 
£1450. It requires four men and 15 ewt. coal per 24 hours 
(seep. 155). 

• Production of acid per year (8750 houis) ---1600 tons ^ 
.*. capital cost of plant per ton 96*5 per cent, acid 
per annum -.= /o ’907 

capital cost ot plant per ton 100 per cent. HN0 3 * 
as 96 5 per cent, acid per annum /Jo 1 940 * # 

According to tjie data 011 p. 195, the charge in the retort 

is — 

1 ton Chili nitre (95 per cent. XaX0 3 ) 
ro8 tons sulphuric acid (94 per cent. 1LS() 4 ) 

which, with an efficiency of 98 per cent., produces 0726 ton 
nitric acid (95 per cent. IIX0 3 ), or 0*690 ton IIX 0 3 (iot> 
per cent.) in the form of 95 per cent. acid. * 

The material for 1 ton IIXO3 in the form of 95 per cent, 
acid will therefore be — 

• • 

14-0-690=1-45 tons Chili nitr<; If) 5 p ercen t.) 
i '08 4-0-690 = r 55 tons sulphuric acid (9 J per cent.) 
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The fuel per ton HNG 3 (96*5 per cent.) is 


15 x224c 


9820 x 20 

' —0-171 ton 

or per ton HN 0 3 (100 per cent.) as 96-5 per cent, acid 

, 100x0-171 

= 9 6 '5 


' —0-177 ton 


The cost of fuel 4! ys. 6 d. per ton is therefore £0-067 per 
ton HNO3. The cost of sulphuric acid (93 per cent.) may be 
taken as £3 per ton; that of nitre is very variable (cf. p. 
140), but will be taken as £8 per ton. 

The production cost of 1 ton HN 0 3 as 95 per cent, acid 
is thus — 


£ 

i *45 tons Chili nitre at £8 per ton . . ir6oo 

1 *55 tons sulphuric acid at £3 per ton . . 4*650 

0-177 tons coal at ys. 6 d. per ton . . 0-067 

Wages four men at 5s. a shift . . , . . 0-228 

Amortization 011 £0*94 at 10 per cent. . . 0*094 

General expenses, stores, etc. . . . . i* 5 00 


Total £18*140 

Cost per lb. HN 0 3 as 95 per cent, acid -1-943^. 

The corresponding costs with Chili nitre at other prices 
can readily be found ; thus with nitre at £5 and £10 per ton, 
respectively, the costs of production of the nitric acid 
will be £13*8 and £21-04 per ton, respectively. 

From these figures, however, must be deducted the 
value of the nitre-cake remaining in the retorts after the 
distillation. This can be used for various purposes, which 
are described in * he next section, and has therefore a com- 
mercial value. It is usually applied in the works to the 
preparation of salt-cake (Na 2 S 0 4 ) to replace a certain amount 
of sulphuric acid. 

Utilization of Nitre Cake.— Although the nitre cake, 
or acid sodium sulphate, NaHS 0 4 , obtained as a by-product 
in the marr^rture of* nitric acid by the retort process has 
long been utilized in the works by adding it to the charge 
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in the salt-cake furnace in place of part of the, sulphuric 
acid, £he present shortage of sulphuric acid has led to several 
new uses being found for nitre-cake. This is especially 
necessary, as in imWern practice a much larger amount of 
“free acid" (as NaHSOj) is present in the cake than was 
formerly the case. 

In 1915 an enquiry was instituted by the Society iof 
Chemical Industry, which resulted in a number of sugges- 
tions for the utilization of nitre-cake ( J.S.C.I. , 35, 857, 
1916; Chcm. Trade Journ ., 1916, 28, 109, 393). Nitre- 
cake may be used in manv cases as a substitute for sul- 
phuric acid 

(1) In the salt-cake process, in which a mixture of salt 

and nitre-cake is roasted, with production of 
salt-cake and hydioehlorie acid - 

NaCl (-NaHS() 4 --Na 2 S() 1 | 1 IIC 1 

(2) In the preparation of superphosi)hate. 

(3) In the extraction of copper from pyrites cinder. 

(4) In the extraction of zinc by roasting blende with 

nitre-cake, also for roasting copper and nickel ores, 
together with common salt. 

(5) I11 the preparation obsodium alum. 

(6) Roasting with felspar or clay, wit'll production of. 

alum, or potassium sulphate. • 

(7) In opening up tungsten ores by fusion. , 

(8) For converging sodium chromate into sodium dt- 

chromate, and sodium manganate into sodium 
permanganate. 

(9) For absorbing ammonia in the production of sul- 

phate, 10 per cent, of the acid may be replaced by 
nitre-cake, the product containing 23-24 per cent, 
NH 3 (Gas Journ., 1916, p. 74). It^may also be 
used for the production of ammonium sulphate 
by heating with leather clippings, and to prevent 
the escape of ammonia from manure heaps.. , 

(10) In the preparation of Epsom s aJU# fronimagnesite. 

(n) In the preparation of “ permanent wliife/ 7 BaS 0 4 . 

11 


B. 
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(12) ‘In decomposing lime soaps of fatty acids, or soap- 

Mids. 

(13) In decomposing the sodium sulphite residues from 

phenol manufacture, with production of V S 0 2 . 

Special uses are — 

(14) In textile industries for extracting grease from 

, wool, etc., by means of a hot aqueous solution of 

nitrc-cakm 

(15) In sizing paper, where 20 per cent, of the aluminium 

sulphate may be replaced by nitre-cake. 

(16) I11 making and glazing slag bricks. 

It has been proposed to recover sulphuric acid from 
nitre-cake as follows : — 

(17) Roasting with iron scales (Fe 3 0 4 ). 

(18) Fusing with sand or molten slag, when sodium silicate 

is produced, and S0 2 liberated. 

(19) Blowing steam and air into the fused nitre-cake. 

(20) Neutralizing the free acid with soda, or by roasting 

with salt, then reducing by fusion with carbon, 
when sodium sulphide, Na 2 S, is formed. This may 
be decomposed by C 0 2 , with formation of H 2 S, 

' and the latter converted into sulphur by vhe 

Claus process. The J\ r a 2 S could also be roasted 
with limestone, as in the black-ash process, and 
the sulphur recovered from the alkali waste in 
the usual way. vSodium carbonate is produced in 
both cases. 

Modern Processes for the Manufacture of Nitric 
Acid. — The nitrogen problem will receive a complete 
solution when nitrates, or ammonia, can be prepared 
economically and on a sufficiently large scale from atmo- 
spheric air. A partial solution of the problem is the con- 
version of ammonia, which is obtained in fairly large quan- 
tities as a byproduct in the manufacture of coal-gas and 
of coke, into nitric acid by oxidation. Both the complete 
and partial solutions of the nitrogen problem have gone a 
fair way to completion, as far as a knowledge of the methods 
goes, duriii^T'iie last ten years. The following summary 
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shows^the main lines in which technical application* of the , 
results of chemical research hhs been made * — 

(ij The direct .combination of oxygen and nitrogen in 
atmospheric air at 'high temperatures in the electric arc, 
followed by oxidation of the jiitric oxide, NO, so produced 
to nitric acid — the Arc Process. 

(2) The absorption of atmospheric nitiogeu by calciirtn 
carbide dr aluminium carbide, with production of calcium 
cyanamide, CaCN 2 , or aluminium nitride, AIN, from which 
ammonia is obtained by treatment with water, and this 
ammonia is then oxidized to nitric acid— the Cyanamide 
and Serpek Processes. 

(3) The combination of atmospheric nitrogen with 
hydrogen to produce ammonia, followed by the oxidation 
of the ammonia — the Haber Process. 

(4) The oxidation of by-product ammonia to nittic acid. 

The first process will be considered in this section, and 

the remaining processes, in so far as they concern the Alkali 
Industry, in the following sections. 

The Arc Process. -yA detailed description of the arc 
process does not properly belong to this’volumc, but a few 
remarks on the main outlines of the method must be made 
in order that the other processes may be properly understood. 

The production of nitric acid by the aefion* ol electrical* 
discharges in air in the presence of water or alkalies, which 
was discovered by Cavendish in 1785, is a process which j.s 
executed in nature; on a vast scale. By the action of 
electrical discharges in the atmosphere, no less than 250,000 
tons of nitric acid are washed down to the soil by rain in 
a period of 24 hours. If only one per cent, of this nitric 
acid could be collected, the nitrogen problem would be 
disposed of for many generations. This, however, is im- 3 
possible, and attempts have therefore been mjde to repro- 
duce the natural conditions by submitting air to electrical 
discharges in such a manner that the products of the action 
can be collected. Since it has been shown that the main 
action of the electrical discharge, if nab^the soj^ action, is 
produced by the high temperature, it is evident that the most 
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efficient form of discharge is the arc, in which the highest 
temperatures are produced in {he smallest possible space. 
The chemical reactions involved are £he following 

(1) The synthesis of nitric oxide in the arc at high tempe- 

ratures— , * 

N 2 + 0 2 $ 2 N 0 

(2) The secondary oxidation of the nitric oxide when 

the gases from the arc cool down to 600 °, this 
reaction only reaching completion at about 130°, 
and even then proceeding somewhat slowly , 
especially in the dilute gases obtained from the arc 
furnace— 

2 N 0 + 0 2 $ 2 NG 2 $N 2 0 4 

(3) The interaction of the nitrogen dioxide with water 
to produce ultimately nitric acid — 

2 N 0 2 +h 2 o =hno 3 +hno 2 
3 HN0 2 $HN0 3 +2N0 +H «0 
The equilibrium yields of nitric oxide from air at various 
temperatures in the arc are as follows : — 


, Temperature (absolute). 

IV 1 rent. Nitrogen. 1 Percent. Oxygen. 

Per cent. Nitric 
Oxide.’ 

iSn 

78-92 20-72 

°37 

1877 .. .. V. 

78-89 ! 2069 

o 42 

2033 

78*78 i 20 58 

o'f> 4 

2195 .. 

78 61 ! 20 42 

0-97 

4580 . . 

78-08 19-88 

2-05 

IO75 

77-98 : 19-78 

22 3 

3200 

766 ! 18-' 

1 

5 ‘t> 

The percentage 

of nitric oxide in the gas 

from the arc 

furnace does not, in 

the best working, exceed about 2 per cent. 


by volume, although the equilibrium percentage at 3000 0 is 
already 5, and the temperature of the arc is higher than this. 
The lower yield is explained in two ways. In the first 
place, only a fraction of the air passing through the furnace 
actually passes through the arc and attains the high tempe- 
rature ; and secondly, some of the nitric oxide produced, 
which is^g^endoihermic compound, and consequently less 
stable at lower temperatures, breaks up agdin on leaving 
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the afc. The yield obtainable for a given expenditure of 
energy # in the arc will therefore depend <?n the pxtent to 
which decompositfon of nitric oxide produced at the arc 
temperature can be prevented by rapid cooling, for below 
a certain temperature the rate of decomposition of nitric 
oxide is exceedingly small, although the compound is still 
unstable. The additional air no doubt seiyc , very materially 
in promoting this cooling. The experiments of Jellinek 
have shown that the rate of decomposition of nitric oxide 
becomes so slow at temperatures below 1200 0 C. as to be 
negligible in practice. 

In Table I the times for the attainment of half the 
equilibrium concentrations of NO in air at various tempera- 
tures are given. In Table II the times for dissociation 
of pure NO to the extent of one-half are stated. It will 
be seen that above 2300° C. the rate of combination is prac- 
tically instantaneous ; it is 10,000,000 times quicker at 
3000° than at 1900°. The rate of decomposition is seen to 
be slow below 1200°. 


Table I. 


Tempo ralu re 
Centigt a<i' 

727 

1227 

I427 

1627 

1827 

2027 » 

2227 

2627 


Time required to piodure half the equilibrium 
< oncentratiun of NO in .iirat atmospheric 


81 years.* 
jo hours. 

1 hour. 

2 minutes 
5 seconds. 

0 2 second. 

001 second. 

o 00003 second 


Table II. 


as 


Temperature 

Centigrade. 

62 7 
827 
IO27 
1227 
I427 
1627 
1827 
2027 


Time for half decomposition of # pure NO into 
oxyeen and nitrogen at atmospheric pressure. 

123 hours. 

10 hours. 

44 minutes^ 

3 minutes. 

13 seconds. 

1 second. 

0 07 second 
0*005 second. 


The aim, of the inventor has therefore been to produce 
high a*temperature (at least 3000 °) in the arc as possible, 
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and to cool the products of reaction with all possible f speed 
below I2Q0°. Various types of furnace have been demised ; 
the following are in actual operation. 

(i) The Birkeland and Eyde Furnace, patented in 1902, 
and extensively used in Nbrway. The air is blown or 
sucked through a circular flat arc flame, produced by de- 
flecting the arcs struck across water-cooled electrodes, by 
means of a powerful electromagnet. Each furnace of the 
modern type utilizes 3000 kw. The temperature of the arc 
is about 3500° C., and the gases escape at about iooo 0 
from the furnace, containing r25 to 15 per cent. NO by 
volume. About 2'i cu. metres of air are passed through the 
furnace per K.W.H. applied at the arc, and 90 per cent, 
of the heat generated in the arc appears in the escaping 
gases, and is used to raise steam, perform evaporation, 
etc. About 70*6 grams of nitric acid, HN 0 3 , are produced 
by the expenditure of 1 K.W.H. 

After cooling somewhat, the gases are passed through 
Babcock-Willcox tubular boilers, where steam is raised, and 
the temperature of the gases reduced to 250°. If the whole 
of the steam raised were converted into electrical energy 
in turbo-generators, with a 20cper-cent. efficiency of heat 
conversion, 13 per cent, of the energy supplied to the arc 
coul^l be recovered. The gases now pass through aluminium 
pipes to reduce the temperature to about 50°, when they 
eater a large tower of iron plates lined with acid-resisting 
material, where oxidation occurs — 

2 N 0 + 0 2 - 2 N 0 2 

This reaction, as already mentioned, requires time ; 
in air containing" 2 per cent, of NO by volume, 50 per cent, 
is oxidized to N 0 2 in 12 seconds, 90 per cent, only in about 
2 minuses. ' 

The gases are now driven by powerful aluminium fans 
to the decagonal absorption towers, built of Norwegian 
granite slabs, each v io in. thick, clamped together by iron 
bands, witiPHJsbestos and water-glass joints, c into towers 
65-80 ft. high and 2Q ft. diameter. These towers are 
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filled with broken quartz, an^ have the usual lifts for eircu- 1 
lating v^ater. Three such towers are connected by aluminium 
pipes to form the absorption system, and the acid produced 
by absorption is circulated until it reaches a concentration 
of 30 per cent., the weaker add from the second and third 
towers being passed on gradually to the first, tower, frqm 
which the stronger acid is withdrawn. j):ily about 80-85 
pet cent, of the oxides of nitrogen are recovered as nitric 
acid in these towers ; the very attenuated gases from the 
third tower are passed through a wooden or sheet-iron 
tower down which falls a spray of sodium carbonate solution, 
a further 15 per cent, of oxides of nitrogen being recovered 
in the form of sodium nitrite, NaN 0 2 , of which 5000 tons 
per annum are used in Germany for the manufacture of 
dyes. The remaining 2 per cent, of oxides are emitted as 
waste. 

The rapid growth of Hie industry in Norway, where 
almost unique opportunities for utilizing water-power 
presented themselves, is shown by the following table, 
giving the expenditure of power in the years since the first 
experiments were made : — 


Year. 

« llorsi -power rxj 

1902 

U 

190^ 

150 

1904 

1,000 

1905 

2,500 

1907 

.f 0,000 

19II 

55,000 

1916 * .. 

350,000 


(2) The Schonhcrr Furnace, introduced by the Badische 
firm into Norway in 1905, employs a steady, noiseless 
arc, about 23 ft. long, burning in a vertical tube. Air 
circulates round this in a helical spiral, and after passing^ 
through the arc is cooled by striking against the top of the 
water-cooled iron outer jacket. From 1 9 to 2 '\ eu. metres of 
air are passed through per K.W.H., and the gases contain 
from i*5 to 175 per cent, by volume of NO. The # yield 
of HN0 3 per K.W.H. at the switchboard has been variously 
stated; it probably amounts to about 75" frams. The 
further treatment of the oxides of nitrogen is the same as 



i68 . 'ALKALI INDUSTRY 

in the Birkeland and Eyde process. At Rjukan, in N6rway, 
Schonherr furnades taking 1000 H.P. are used as welj as the 
Birkeland-Eyde furnaces. • ' 

(3) The Pauling Furnace , experiments with which began 
in 1906, and led to the erection of a works at Innsbruck in 
1909, has horn-shaped electrodes, the arc being blownTrom 
the narrow spac<j between the electrodes at the bottom 
where it is struck, to the diverging upper ends by means of 
a blast of air. About r6 (in the new'cr types probably 2) 
cu. metres of air are passed through per K.W.H. ; the issuing 
gases contain about 1*5 per cent. NO by volume, and thus 
the yield of HN 0 3 per K.W.H. at the switchboard is 75 grams. 

The Pauling works at Innsbruck uses 15,000 H.P., those 
in Italy and France 10,000 and 15,000 H.P. respectively. 

It is stated that Germany has laid down plant during 
the war for the production of 10,000 tonsHN 0 3 per annum 
by arc processes probably the Schonherr process. 

The possibility of introducing the arc process into this 
country, where water-power is very limited, has also been 
discussed. It is suggested that electrical pow r er from large 
generating stations run on the most economical lines \fith 
a high load-factor, i.c. the bulk of the energy being continu- 
ously used, or el$e applied to the arc process during off-peak 
periods (see below’), say during the night, wdien other con- 
sumers are taking little or no pow’er, might be sufficiently 
<$eap to make the arc process a success. It may be ob- 
served that the cheapest pre-w'ar electrical power, generated 
by steam or gas, cost about 0*25^. per unit, which is much too 
expensive for the arc process. Cheaper pow r er from pro- 
ducer-gas plants might solve the problem, but it is evident 
that no ordinary' power generation on the old lines can hope 
*to succeed. 

According 1 to Landis, the price of electrical energy in 
America is very nearly the same whether it is derived from 
water power or steam, but this price evidently bears no 
relation to the true cost of production. 

Statistics*^ the turbo-generator plant (18,500 K.W.) at 
Worcester, Mass., give 2/77 lbs. bituminous coal per K.W.H. 
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The cbst per K.W.H. for labour is 0-056;/. and of fuel at 
17s. }d k per ton is 0*265;/., making the tAtal cost of pro- 
duction 0-321;/. l\e costs of labour and fuel are high com- 
pared with British practice, and if the labour cost is reduced 
25 per cent., and the cost of fflri put at 10s. per ton, the cost 
per J£.W.H. with this plant would be 0-192 d., wliicli is 
appreciably less than the figure of 0-25^. quoted above. 
(1 ton average coal is equivalent to 0*0925 K.W. year.) 

According to Bakeland, power from coal at 5 s. 1 \d. ])er 
ton would work out cheaper than from watei -power, and 
this price was quite possible in Kngland at the pit-head. 

The following table gives the estimated costs of electrical 
power from various sources, on a pre-war basis ; it enables 
many interesting calculations to be made, as will he seen later. 

Table of Costs of Electric Power from Various Sources. 


Piko per 

Description of Sources of H p. year 

ELctric Powei. | (8750 firs.) 

1 m shilling''. 


Price per 
K W. yea 1 
(“i 359 H.P. 
y< ar) in 
shillings 


Price per K W.H. 
in pence. 


1. «Odda, Norway; 10,800 ! i I 

K.W., water jxiwcr . . i 8 05-8 25 ! 10 94-1 121 0*01498-0 <>15^2 

2. Svaelgfos, Norway; 

40,000 H.P., water ( 

power .. .. ..I 825 11 21* 001542 

3. Saulte Stc. Mane, USA., j 

waterpower .. . . j 10*20 M 91 0*01913 

3fl. Saulte Ste. Marie, price to j 

consumers .. .. 40*075 1 2 3 4 5 6 7 * 9 10 11 54 5 0074.8 

4. Notodden, Nc*way, | 

40,000 H.P., water , , j 

power from Svaelgfos j 13281 1807 0*0248 

5. Rossi Works, Legnano, j > 

nr. Milan, 10,000 H.P., | 

waterpower ,. .. 1 15-27 t 20 078 j 002755 

6. La Roche de Rame, nr. | j 

Brian^on, 25,000 H P., j * j 

waterpower .. ! 1337 182 ! 0025 

7. Chedde, Savoy, water 

power .. .. .. | 18*33 2490 m 003418 

S Swedish water power, , 

various : 13 0-49 3 17 70-67 o . o 0245-0 092 

9. Cameron rapids, Ontario, ; j 

waterpower .. . . j 3°’i (>2 4 r2 5 0.05V6 

10. Piano d'Orte, Italy, water , | 

power j 29*4 ^o o j * o 0549 

11. Turin Po^er Co., Italy, ! i 

waterpower .. .. 400 54'3^ °°745 
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Description of Sources of 

Price per 
H.P. year 

Price per 
K.W. year 
(=•1-359 H.P. 

Price per KsW.H. 

Electric Power. 

(8750 hrs.) 

in pjnc 2. 


in shillings. 

shillings. 


12. Niagara, water power 

r 



(price to large con- 
sumers) 

49’32~ 8 3’° 

67-IO-II2-7 

0*0921-0^55 

12k. Niagara, Ontario Power 



0-6749 

Co. . . . .* 

40-125 

5 4 ‘6 

12 b. Niagara, delivered at 




Toronto 

5°"3 8 7 

685 

0-0940 

13. American water power, 
various 

r 4 . Northern California Power 

26- 15-76 8 

35-6-104*5 

0-0489-0-1433 

Co., water power 

50196 

68 2 

00935 

15. Power Co., Rome, water 




power . . 

600 

81 "6 

0*112 

16. Hora-Hora Rapids, N.Z., 




water power 

60 0 

81 6 

0112 

17. Montreal, water power, to 


81-7 


consumers 

60-125 

O" 1 12 

18. Hull, Ottawa, water power, 




to consumers . . 

6274 

8 5’3 

0-II7 

19. North Wales Elect. Power 



& Tract. Co., Llyn Lly- 
daw Falls, Snowdon, 



o'875-i'5 

6000 K.W. 

4 70-803 

638-1093 

20. Blast furnace gas, with 


. 


95 per cent, load factor, 
England (see note) 

34-25-4 1 -83 

' 

46-7-568 

O 0642-0-07^'.) 

20'a. Blast furnace gas. 




America, 130 B.T.U. 
gas, with largest type 
engines . . A 

i 

94-30 

! 

128-3 

0-I76 

21. Producer gas, from coal 



O 0778 - 0 -II 87 

»(sec note), England . . 

4 l 75-63-58 

56 7-80 5 

2 id. Producer gas, from coal, 



O 

Oo 

■^1 

O0 

^ America, 600 K W. units 

202 

| 275 

22. Producer gas, from peat, 


- 


Portadown, Ireland 

(cost of gas alone) 

33‘5 

455 

0-0625 

22a. Producer gas from peat, 



0-085 

cost of power 

45 6 

62*0 

23. Oil engines, America, 1O0 


: 


K.W. units'* .. 

2425 

33 ° 

°'453 

24. From steam or gas power, 
v England (average pre- 


182*0 


war for large plants) . . 

I33 8 

025 

24a. From steam fjbwcr, Eng- 


I 34'~ 1 9 8 3 

0-184-0-272 

land (see note) 

9S 6-145-5 

24 b. Average steam engine, 


1 

3-0 5 


England 

2 55’° 

0-475 

24c. Estimated cost at Pitts- 




burg, U.S.A., steam 
power, 23*^00 K. 1 ^., 



* 

coal at 5s. 3<C per ton 


911-1458 


(see note) 

t 76-0-107-0 

0T25-0-20 
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Description of Somrcs of 
• Clectric Power. 


25 


Louisenthal Power Sta- 
tion, 4 steam -turbo 


Pltce |X‘l : ! 

HP. yfar : { i\ Pile- |v , K.W.1I, 

ISW hrs.] i 1 J,; 1 ' j fnp. n„, 

shillings ; 


m shillings. 


generators, 3000 K W 
each 

| I S3 So 

j y 

Oo 5 1 

0 357 

25a. Loui&nthal Power, esti- 
mated cost, if situated 
at coal-mine 

12750 

I 

l 

• 

1 

1 

7 t 5 1 

0 23S 

26. Newcastle-on-Tyne Elec- 
tric Power Supply Co , 
50,000 K.W. steam- 
turbo generators 

1 -I 01 5-80 ] ( 

’ 1 V 

1 

1 

C^-kx)} 

«> 75 --1 *5 

2 6 a. Newcastle-on-Tyne Elec- 
tric Power Supply Co , 
cost of production 

500 

1 

i , iS j 

0 5 ( >— 1 05 

27. Lancashire E'lectric Power 
Co , Kadchffe, steam 
8000 K.W. . . 

28 1 0-327 0 

1 

\ ?8o 

1 

1 

| *) 0 

<> 5 )- (» oi 

28, S. Wales Elect 1 ic Power , 
Distribution Co , 7520 I 
K.W t 

225-284 

1 

1 

1 

: 


°* LV-“ i 5 


Notes on tiie Table. - In connection with this table, 
the following considerations may be noted. In the first 
plaJe, the cost of power from any source is governed by t\ft) 
main factors, the capital costs, including interest, amortiza- 
tion, ground-rent, etc , and the works co'ms, including tlu; 
cost of fuel, labour, repaits, etc. These two items \ary 
considerably with the type of power used, the locality, the 
size of the plant, and the cost of labour. Very often tf* 
works cost is low whilst the capital cost is high, as with 
water power ; in other cases the reverse is more nearly 
true, as with steam power, when the works cost is high. 
In some water power centres, as at Notodden, the works 
cost is so low that it hardly amounts to flic interest on a u 
steam power plant. Another consideration is the load-factor , 
i.c. the ratio of the average power consumption .to the 
maximum consumption. In the case of ordinary power 
companies supplying power for lighting or traction the 
load-factor is usually less than 50 percent., whereas in the 
case of continuous electrical processes, such* as the arc 
process or electrolysis, the load facte* may reach 95 per cent. 
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The higher the load-factor the more economical is the power, 
and it has been' proposed to utilize power from ordinary 
generating stations during the periods when ordinary ^ 
supply, e.g. for lighting or traction or works closed down 
during the night, is practicahy non-existent — the so-called 
“ Off-peak ” periods. ^ 

' The price of water power, it will be observe^!, varies 
very much, from about 8 s. per H.P. year at Odda to 60s.- 
83s. per H.P. year at Niagara. In the latter case it approaches 
the cost of steam power. The high figures, however, repre- 
sent the prices charged to the consumers, and no informa- 
tion is given as to the actual cost of the power. There is 
no doubt that large profits are made, and in the case of 
Niagara, at any rate, the cost of the power is probably very 
much less than the price charged. It is often stated that 
England must compare unfavourably in this respect, since 
water power can never become highly developed, but this 
is a mistake, because the abundant supply of good coal, 
and the nearness of the industrial centres, place this country 
in a very favourable position. Thete is no doubt that with 
centralized power generation on a large scale, with Aill 
utilization of all sources of fuel besides the highest grade coal, 
and recovery of the by-products when possible, power could 
be obtained in England at a cheaper rate than elsewhere, 
witli‘ the exception of the water power of Norway and the 
^dps, where the conditions are unique. 

Table, No. 20.— Cost per H.P. year* from large power 
station using blast-furnace gas in England (Thwaite, Journ. 
Iron and Steel Inst., 1907, p. 190) is 50*196 shillings plus cost 
of gas. A blast-furnace making 400 tons pig-iron per 24 
hours develops sufficient gas for 10,000 H.P. in addition to 
v the gas required for heating the blast and running the blowing 
engine. 

Table , No. 21.— Costs of production of electric power 
with producer gas from coal, with recovery of by-products 
(J. J.‘ Robinson, Mech. Eng., 3rd April, 1908) per H.P. 
year. 
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Coal per ton. 

* 6 s. 7 s. 6 d. 8s. 

,£ 2 ' o8 75 £hii /•; 5 , .. 

/>*<>34 jD *)*)<> 

j£**5*3 ,/ * 1 7 <j 

These figures appear too lo\v t 

Table , No. 24a. — Costs of production of electro power 
per\.W. from steam (R. S. Hutton, Engineering. 7th Decem- 
ber, iqcfo). • 
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Life of plant assumed. 

• 

. . t 20 years. 

15 years. 

10 years 


Capital Charges. 

10 per cent, depreciation on 1 1 5 piT K.W. . . o<>,j2</ 

5 per cent, interest on /15 per K W . . 0 021 d. 


Works ('osrs per K \\ 


Locality. 

Coal pci i 
tun. ; 

C0.1l 

Wage'. 

Water, oil, 

. stores. • 

Total. 

Newcastle 

55 (>il | 

0 0781/ 

, 0 022(1 

: 0 on \ tl O OK id 

O' \ 20(1 

Sheffield 

5 s. tid 

0 oyf ni 

j o oy id 

00 o\d oo\Hd 

, 0 20 ()d, 

Linwood 

8s. 0 d. 

0 I | Si/ 

, (>'02 2(1 

0 01 \d 0 022J 

0 20 $<I. 


Table , No. 24 c. -Costs per K.W. II. of electric power 
frpm steam, estimated by*Sykes ( 7 >. Amer. Elcdrochem. Soc., 
27, 409, 1915) for 25,000 K.W. station at Pittsburg vfith 
5000-6000 K.W. generators ; works costs only. Coal at 
5s. 3 d. per ton. 

80 per cent, load-factor . . . . 0-125*/. ' 

60 per cent, load-factor .. .. 0-150*/. 

40 per cent, load-factor . . . . 0*200 d. 

These figures show the influence of the load-factor on the 
price of the power, already referred ’ to. With a capital 
charge of 0*063*/. l )cr K.W., as given by button (see above), 
the total cost would be 0’i88*/. -0-263*/. per K.W.H., which 
is of the order of the figure 0-25*/. quoted under No. 24 in 
the table. It may be remarked that fuel and labour costs 
are usually higher in American than in British practice, 
the former for the reason that the coal has usually to be 
transported considerable distances^from the pits to the 
works. * 
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The Haiisser Process. — The fact that oxides of 
nitrogen are produced by the explosion of a mixture of 
hydrogen and atmospheric air enriched with oxygeu was 
known to Cavendish, but was investigated by Bunsen, and 
is described in his book on gas analysis. The following table 
is calculated from his results f — 


Volume of detonating gas ,* 1 
2 H 2 4 * 0 '2 , , p<-*i ioo c.c. of air. 


64-31 C.C. 
78-76 c.c. 
97*84 c.c 
226*04 c.c. 


Residual air c.c. 
after absorption 
of oxides of N. 


99 90 C.C. 
99*43 c.c. 
96*92 c.c. 
88*56 c.c. 


Per cent. NO pio- 
duced in the 
explosion. 


o* 07 
038 

2*OS 

7'<>3 


Calculated tem- 
perature of 
explosion. 


2200 C. 
2500 C. 
2700 C. 
3200 C. 


Quite recently the production of oxides of nitrogen by 
the high temperatures generated in the explosion of com- 
bustible gases in presence of air has been proposed as a 
technical method for the preparation of nitric acid. 

The heats of combustion of a molecular weight in grams 
of the various combustible gases and vapours which might 
be used for this purpose, all the products remaining in ^le 
gaseous state, are given below in kilogram-calories. They 
give the relative numbers for equal volumes (22*4 litres) of 
the substances. 


Substance. 


Formula. 


Molecular weight. 

___ _ «t 


Heat of com- 
bustion. 


Hydrogen 

Carbon monoxide 

Methane 

Ethane . . 

Ethylene 

Acetylene 

sBenzene 


H 2 

CO 

ch 4 

C.H, 

C a H 4 

c 2 h 2 

C e H 6 


28 

16 

3° 

28 

26 

73 


5« 

68 

194 

345 

316 

301 

750 


It will be seen that the hydrocarbons, such as occur in 
illuminating gas, evolve much more heat for equal volumes 
than hydrbgen or carbon monoxide, which are the chief 
constituents of producer-gas and blue water-gas. 
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Haiisser, in his attempt to apply this ol^ervation # to the 
production of nitric acid, introduces a mixture of air, with 
or without the addition of oxygen, under pressure into an 
^^explosion vessel. T 4 ie mixture is exploded by a spark, and 
some nitric oxide is produced at the high temperature. 
Immediately after the expfbsion the hot gases escape 
throt^h an exhaust valve, and the resulting cooling prevents 
the dissqgiation of the NO produced, winch is then con- 
verted in the usual way into NO*, and finally nitric acid. 
In short, the process consists in working a gas engine in such 
a way as to produce a maximum percentage of NO in the 
exhaust gases. About 5*56 grams of nitrogen are fixed per 
K.W.H., which is considerably less than the yield in Ihe arc 
process, although it is said that the yield has been improved, 
and in any case the plant is much cheaper than the arc 
furnace arrangement. 

In the later developments of the process, which is still in 
the experimental stages, the mixture of gas and ail, say a 
mixture of 14*5 pen cent, by volume of coal gas with air 
enriched with oxygen, is compressed into a steel bomb, the 
air being first pieheated* The inlet values are then closed 
and' the mixture fired by a spark. Immediately after t^e 
explosion the gases are let out through a release valve, 
passing through a cooling coil and a slioel^ absorber to the 
absorption towers. vScavenging air is then admitted t(f 
sweep out the residual gas, the exhaust valve is closed, % and 
the cycle recommences. With gas of a calorific value 
4300 Cal. per cu. metre the exhaust gas contains 07 per cent, 
by volume of NO. By means of the following improve- 
ments it is stated that this yield may, be raised to over 
5 per cent, of NO : — 

(1) Higher compression. 

(2) Preheating the air. 

(3) Improved cooling of the exhaust gases. 

(4) Good scavenging of the explosion chamber. 

(5) Enrichment of the air with oxygen. 

For a pl^nt producing 3500 tons df 94 per cent, nitric 
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acid per 350 working days of 24 hours, the cost per ton of 
acid is estimated to be £11 13s* 0 d. ; with English coke-oven 
gas, allowing the original claim of 5*56 grams nitrogen fixed 
per K.W.H. equivalent calorific value of the gas, it can be 
shown from the data in the table of costs that this figure 
would be raised to £15 ; if the new claims as to the yield were 
substantiated, the cost would be about £12 10s. 0 d. 

It may be at qnce stated, however, that the concentra- 
tion of over 5 per cent, of NO claimed by Haiisser for his 
improved process, and in the other processes to be described 
immediately, corresponds with an equilibrium temperature 
of about 3000 0 C. It is known with some certainty that the 
explosion temperature for acetylene and oxygen, which is 
the hottest known, does not amount to more than 3500- 
4000° C., and in the case of ordinary illuminating gas the 
temperature probably does not exceed 2000°. The following 
figures are given by Fery for the temperatures in the flame 
of a Bunsen burner : — 

Full draught. Half draught. Luminous. 

1871° C. 1812° C. 1710° 0 . 

With benzene vapour a temperature of 2000° C. is" ap- 
proached. Even if such high temperatures, nearly 3000°, 
were reached, a glance at Jellinek’s figures for the rate of 
‘dissociation, of NO (p. 165) shows that very little of the 
extra yield could escape decomposition when the gases from 
the explosion bomb cool down, at the speed with which this 
could be effected. The alleged high yields are more probably 
to be sought in the faulty analytical methods used. 

Bender, in applying the combustion method, proposes 
to burn fuel with air under a pressure of 4 atm. in a gas 
producer, the upper part of which is lined with a porous 
material which soaks up water. By the cooling produced 
by a water sp.ay, and evaporation from the porous material, 
the 1 per cent, of NO produced is prevented from undei- 
going decomposition. The method sounds impracticable. 
He also proposes to burn methane in air enriched with 
oxygen, and the same method has been patented by Herman, 
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who also suggests surface combustion on a ziiccviiaMiiass. 
The gases are stated to contain 3 to 4 percent, of NO by 
volun\p jbvhich is probably incorrect, as will be shown below), 
and 1 kilo, of nitric* acid is produced by the combustion of 
2*5 cu. metres of methane. This works out at 105 grams 
nitrogen fixed per K.W.H., wllich is very high, hut if we 
assui^that only sufficient air is added to bring about perfect 
combustion of the methane according to the equation - 

CH 4 |- 2 () 2 --C 0 2 + 2 H 2 0 

we find that 1 volume of methane requires 10 volumes of 
air, and the gases after combustion and cooling occupy 
9 volumes. For the combustion of 2*5 cu. metres of methane 
there would be required 25,000 litres of air, and the gas after 
combustion and cooling would occupy a total volume of 
22,500 litres. The volume of NO corresponding to the 
stated yield of 1 kg. HNO3 per 2*5 cu. metres methane is 
208 litres, and the volume percentage of NO is, therefore, 
only 1-2 (as in the original Ilaiisser claims), and not 3-4, 
as stated. Herman's claims are therefore self -contradictory. 

Experiments on the production of oxides of nitrogen in 
flames or gaseous explosions have been made by Haber and 
his students. In the explosion of a compressed mixture of 
hydrogen with equal volumes of oxygen and nitrogen,, 
3 molecules of nitric acid can be produced with every, 100 
molecules of water, i.c. o'2i gram of nitrogen is Axed p£r 
1 gram hydrogen burnt. By burning carbon monoxide in' 
pre-heated air compressed to 8-9 atm., 3-4 molecules of 
NO are produced for every 100 molecules of CO burnt. 
With a mixture of equal volumes of nitrogen and oxygen 
instead of air, the yield is doubled. The production of 
oxides of nitrogen and nitric acid by the combustion of carbon 
monoxide in compressed air forms the basis of a patent of 
the Badische Co. 

In connection with the high yields of oxides of nitrogen 
alleged to be formed in combustion and explosion reactions, 
it may be observed that, although most of the percentages 
claimed by inventors are doubtless imaginary, yet there is 
b . 12 
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some evidence that even in the arc a yield in excess of the 
so-called equilibrium yield, ars determined by Nernst and 
Jellinek,*is sometimes obtained. Investigations ol Haber 
and his students, in which the arc was produced at low 
pressure (ioo mm.) in silicp, tubes cooled externally by 
water, showed that concentrations of over io per cent, of 
NO could be produced, although the temperature could not 
have exceeded tli^ melting-point of iridium, viz. 2300° C., 
at which the “ equilibrium ” concentration of NO should only 
be about 2 per cent. The yield with the “ chilled arcs ” 
amounted to 57 grams HN 0 3 per K.W.H. with a concentra- 
tion of 3*5 per cent. NO ; more recently 80 and 90 grams 
have been found. vSome recent experiments by Island 
in which the gases expand adiabatically immediately 
after passing through the arc, and are thus very rapidly 
cooled, give yields of this order. Haber considers that 
the action of the arc is not purely thermal, but that 
an “ electrical equilibrium” is also set up, owing to the 
kinetic energy of the electrons being imparted to the mole- 
cules by collisions. A more plausible explanation would 
appear to be that 'the so-called “equilibrium” values of 
Nernst and Jellinek were only apparent, 011 account of 
decomposition of the NO during cooling in their experi- 
ments. The higher values have all been found when special 
precautions to produce rapid cooling were taken. 

At the same time it was known that oxidation of nitrogen 
io N 2 0 5 occurs when air is exposed to the silent electric 
discharge (Warburg). Simultaneously the production of 
ozone is noticed, and it is possible that this is the active 
agent in bringing about the oxidation. 

Ehrlich aiid Russ. (Brit. Pat. 10992 of 1912 ; Wiener 
Monatshefte , 1915, p. 317), by the silent discharge in closed 
vessels, obtained the following results : — 

Gas used. Per cent. NO in product. 

„ Air 1 vol. 0 2 +4 vols. N 2 . . . . 4*1 

1 vol. 0 2 4-i vol. N 2 .. .. 13*2 

3 vols. 0 2 +i vol. N 2 . . . . 18 
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Tke velocity of formation of NO is practically the same* 
with the different mixtures, but the rate* of formation of 
ozomNJicreases wifcfc the percentage of oxygen in the mixture. 
The NO is oxidised by ozone to N 2 0 6 , which in turn begins 
to break up when all the oztyie is used up. (Of. H. Spiel, 

“ U^ber die Bilding von vStickoxyden bei der stillen elck- 
tricheh Kntladung,” Leipzig, i<)i i .) Othe- theories attribute 
the oxidation to the formation of “ active nitrogen,” which 
combines with the oxygen, but the experimental results 
of Strutt seem to disprove these. 
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Section VII L — AMMON r A AND AMMONIUM 
SALTS 


Sources of Ammonia. --The chief sources of ammonia at 
present utilized are the following : — 

(1) By-product ammonia , obtained by the destructive 
distillation, either without admission of air (gas-making, 
coke ovens, etc.) or with limited amounts of air and steam 
(producer-gas making), of nitrogenous organic matter such 
as coal, peat, bones, etc. 

(2) Cyanamide ammonia, obtained by the action of 
steam or superheated water on calcium cyanamide, CaCN 2 , 
which is formed when nitrogen is passed over heated calcium 
carbide — 

CaC 2 | N 2 ~CaCN 2 +C 
CaCNo T 3 H 2 ( ) - CaC( ) 3 - 2 N 1 1 3 

(3) Ammonia from nitrides , such as aluminium nitride, 
AIN, which is treated with steam to produce ammonia. in 
the Serpek process* 

(4) Synthetic ammonia, obtained by the direct eombina-- 
tion of nitrogen and hydrogen in the Haber process. 

The first source is the one which has been longest in 
use, and until recently it was the only source of the ammonia 
of commerce. The name “ ammonia ” is said to have? 
originated in the method of preparing sal-ammoniac by the 
distillation of camels’ dung in the vicinity of the temple of 
Jupiter Ammon in the Libyan Desert, about the fourth 
century b.c., although this has been discredited *by recent 
research. The old name *f or ammonium carbonate — “ spirit 
of hartshorn ” — has a similar origin, the substance being 
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' obtained by the destructive distillation of horns, hones, 
etc. ' 

By-product Ammonia.-— The most f important r etirees 
of by-product ammonia are the following : — 

(1) From vinasse by the Vincent process (see p. 278). 

(2) By the destructive distillation of bones in the manufacture 
of 'animal charcoal. 

The washed and dried bones are broken up, the grease is 
r extracted by carbon disulphide, or a chlorinated hydro- 
carbon solvent such as pentachlorethane, or perchlorethylene, 
and the solid residue is distilled in iron or clay retorts. 
The gases are cooled and scrubbed with water, the gas 
passing on being burnt under the retorts. The condensed 
liquor separates into two layers — 

(i) An oil , called Dippel’s oil, amounting to about 17-2 
per cent, of the weight of the bones, which has a very 
offensive odour and is used to some extent in Germany for 
denaturing alcohol ; 

(ii) Ammoniac al liquor , which is worked up as described 

under gas-liquor, with the production of 6-7 per cent, of 
ammonium sulphate, on the weight of the bones. , 

Horn, leather-clippings, wool, hair, and similar nitro- 
genous organic refuse may be treated in the same way as 
bones, or worked up for cyanides. Donatli has proposed 
to heat such materials with the sulphuric acid residues from 
petroleum refining as in the Kjeldahl reaction, with pro- 
duction of ammonium sulphate. 

1 (iii) By the destructive distillation of coal , peat, shale, 
and similar fuels containing nitrogen , in the preparation 
t of coke and gas. 

Average coal contains about 1 per cent, of nitrogen, 
’a portion of which is recovered in the form of ammoniacal 
liquor when tfie coal is distilled in the manufacture of 
illuminating gas or of coke. The average yield in the form 
of ammonium sulphate, in which form it is usually ex- 
pressed, is 20-25 ^s. per ton of coal in both gas works and 
coke ovens ; this represents less than 20 per cent, of the 
nitrogen in the coal recovered as ammonium salts. Up to 
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20 pef cent, of the total nitjogen may be regarded as the 
maximum recovery in dry distillation, the rest of th<j nitrogen 
4 either leaping as Elementary nitrogen or, in larger part, re- 
maining behind in the coke. 

The distribution of the nifflogen in coal among the pro- 
ducts of dry distillation, in percentages of the total nitrogen 
is sho^n Jxdow : — 



G.is works. 

Coke 0\ CM 

Nitrogen in coke 

5 8 ’3 

nm 

, , in tar 

X 9 

2 c>8 

,, as ammonia . . 

17 1 

1 5 ‘ 1 <> 

,, as cyanides 

12 

r ‘-n 

,, as free N 2 in gas 

i‘)5 


The world’s annual 

production of 

coal is 


1.000. 000.000 tons, and the production of coke is about 

100.000. 000 tons, of which until recently only a small 
fraction was produced with recovery of ammonia. The 
loss of combined nitrogen in coal, expressed as ammonium 
sulphate, is therefore about 40,000,000 tons per annum, 
which is about 40 times the annual production of this salt. 
The use of recovery processes for the manufacture of coke 
was^at first confined to the German practice, since there \vas 
a belief current among British manufacturers that coke 
produced in recovery ovens was unsuitable for smelting 
processes. After thirty years’ success on the Continent, the 
suitability of coke from recovery ovens gradually dawned 
upon British users, with the result that rapid strides liatjp, 
been made of late* years in the erection and working of 
recovery coke ovens. Of the 20,000,000 tons of coal annually 
coked in Great Britain, no less than 16,090,000 tons are now 
treated in recovery ovens 


Percentage 

of Coke Ovens working with Recovery of 


By-products. 




1 1900. 

1910. 

1916. 

Great Britain 

. . | ro 

18 

• • 

80 

Germany . . 

. . • . . ! 30 # 

82 

— . 

America * . 

1 

, 5 

l 7 

— 
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The production of ammonium sulphate, in tons,** from 
by-product sources has been as follows : — 



1 1908. j 

1909. 

1910. 

* t 

1913- , 

1914- | 

1916. 

Great Britain 

1 

1 321, 

500 

1 

348,500 i 

369,000 ! 

432,000 ' 

321,000 

( — 

Germany 

313 . 

000 

340,000 

375,000 

550, oco 

— • ! 

/ 

America 

I 4 °. 

oop 

90,000 

116,000 

177,000 

1 1 

1,000,000 

France 

52 , 

,000 

53,000 

56,000 

1 75,000 1 


— 

Total 

! 852, 

1 

,000 

978,000 

1, in, 000 

! 

— j 

1 

— • 


Of this ammonium sulphate, about 90 per cent, is utilized 
directly as a fertilizer for agricultural purposes, and the 
extension of agricultural practice contemplated in Great 
Britain will call for increasing production of the salt, although 
land which lias been long under grass will doubtless, when 
opened up, require ammonia fertilizers to a less extent than 
land which has been long under cultivation. 

The separate sources of supply of by-product ammonium 
sulphate in Great Britain in 1914 were as follows : — 


Coke ovens .. 
Gas works 
Shale distillation 
Blast furnaces 
Other soureps 


.. 176,000 tons 
.. 173,000 tons 
. . 58,000 tons 

. . t . . . . 16,000 tons 

8,000 tons 

Total 421,000 tons 


. The dry distillation of coal with the production of coal 
gas in gas works, or of coke in ovens, cannot be described 
here, but a short account of the main types of coke ovens 
used is necessary in order to make clear the differences in 
procedure in working non-recovery and recovery ovens. 

(1) The Beehive Oven is the primitive type and consists 
'merely of a covered-in mound of brickwork, to which air 
is admitted and part of the fuel in the oven is burnt to pro- 
duce the heat necessary to carbonize the rest. Attempts 
to work such ovens with recovery have been made, but 
withoht success, since the tar obtained from beehive ovens, 
in which air is admitted, is quite different £rom the tar 
produced from coal in gas making. 
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(2} The Copp&e Oven (FS72) works on the recovery 
system. Each unit consists of a 30-ft. lofig narrow closed 
"hamiStr with thift # (2l~3 in.) walls externally healed with 
2; as. Coal is pushed in, and coke out, by means of rams. 
The gases and vapours are leA«oflf from the centre by a main 
md*scrubbed. The scrubbed gases mix with air and heat the 
:okin£* chambers from outside by passing through vertical 
dues between them. These ovens did not give a satis- 
factory metallurgical coke, and were subsequently modified. 
There are two main modifications — 

(i) The Otto-Hoffmann Oven (1881), which uses Siemens’ 
regenerative principle with a modified Coppee oven. 

(ii) The Otto-IIilgenstock Oven combines preheating of 
the air with a low pressure of the gases, which are burnt 
below the oven in large JEinsen burners. In a modern 
oven tons of coal are coked in 36 houis, with an average 
yield of 72^2 per cent, of coke. The cost per unit, complete 
with recovery plant, is about /J300. 

(3) The Carvbs Oven (1862) was much improved by Simon, 
of Manchester, and the Simon-CarvAs type, with recuperators, 
was introduced in 1883. This oven is heated by horizontal 
flues between the ovens. A modification largely used in 
Belgium, France, and America is the Seniet-Solvay oven . 
The Hussncr oven is a modification used in Germany. The 
coke yield in British practice with Simon-Carv&s ftvpns 
is — 

Durham coal . . . . 77 per cent. 

Accrington coal . . . . 69 per cent. 

Staffordshire coal . . . . 52 per cent. 

The yield of ammonia is 1*0-1*25 P er bent., expressed as 
sulphate on the weight of the coal, with North country 
coal, and 2 per cent, with Staffordshire ccxd. In German 
practice the corresponding figures are 65—75 per cent, and 
0*924-1 *i per cent. Another modification of this oven is 
the Koppers oven, and the following particulars* relate to 
a small English coke-oven set d¥ the Koppers type 
(1908) 
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Number of ovens : 40. f 

Output : 1963 tons wet, or 1850 tons dry, coal coked 
per week. . 1 ^ 

Cost of plant, including coal crushing and benzol plants : 

£53,ooo. 

Gas per ton of coal : 11,700 eu. ft. of 560 B.T.U. debe'nzo- 
lized to 2 1 gallons crude benzol per ton. , ^ 
vSurplus gas : 50 per cent, of gas made, i.c. 1,638,000 cu. ft. 
per day maximum. 

Ammonia yield : 34*5 lbs. sulphate per ton dry coal 
(30 per cent, recovery). 

The following particulars relate to beehive and Semet- 
vSolvay ovens in use at Syracuse, N.Y. (1895) : — 



Beehive. 

Semet-Solvay, 

Number of ovens 

. . 12 

12 

Average time of coking 

.. 51 5 houis 

20 hours 

Coke produced in 2 j. hours . . 

.. 27*70 tons 

71 69 tons 

Tar produced in 24 hours 

.. ml 

2 65 tons 

Ammonium sulphate per 2 \ houis 

.. ml 

o‘772 ton 

Yield of coke per cent. 

.. 6 2'} 

So 7 

Yield of tar per cent. 

00 

3 <->9 

Yield of (NIIPjjSOj per cent 

. . O (i 

1 °75 

Cost per oven \ . 


O 20 

Life of oven 

■ . 5 years 

10 years 

'Cost of oven per ton coke 

.. 5’52 d. 

4 ' 2 .( 1 . 

Value of products per ton coal 

t . 10s. 

O is. M. 


• The conditions leading to the formation of ammonia 
in /the manufacture of illuminating gas by the distillation 
of coal have been summarized as follows by Simmersbach : — 

(1) The formation of ammonia occurs 'chiefly at a tempe- 
rature when the caking of the coal has been completed. 

(2) The formation of ammonia has its maximum at 
different temperatures for different coals. 

(3) This maximum temperature varies with the nature 
bf the nitrogen compounds in the coal, and is between 
8oo°~90o° C. 

(4) Decomposition of ammonia in a concentrated gaseous 
state begins appreciably at 750 0 and is about complete at 
8oo°. But in the destructive distillation of coal, the am- 
monia comes off in a 'dilute state) decomposition does not 
begin till 900 °, and is increased by rise of temperature. 



AMMONIA AND AMMONIUtf SALTS 1^7 

• 

(5) •The formation of cyanogen increases with the 
quantity of ammonia and the temperature. • 

• (6)\jie quantity # of cyanogen formed is about* 1*2 per 

cent, of the total nitrogen in the coal, and about 5 per cent, 
of the ammonia formed. # # 

($ The presence of water vapour lowers the cyanogen 
and increases the ammonia. * 

(8) Highspeed of gas How retards the fhrmation of cyan- 
ogen and decomposition of ammonia. 

(9) The dimensions of the pieces of coal have no in- 
fluence on the formation of ammonia. 

The distillation of shale has been carried out in Scotland 
for the production of oil and tar for a considerable number 
of years. In 1865 Bell commenced to recover the ammonia 
as sulphate. According to Young and Beilby, Scotch shale 
yields on distillation — 

(1) Dry distillation in retorts . — (2) Steam afterwards blown through 

the red-hot retorts (1*28 steam to 1 part 
shale) : — 

20-4 per cent, total N in the tar. 20 4 per cent total N in the tar. 

62 6 ditto in the coke. • 4*9 per cen^ ditto in coke. 

17 o per cent as ammonia 74*3 per cent, as ammonia. 

The greatly increased yield of ammonia when steam is 
blown through the incandescent coke is evident, and the 
same result will be found also in considering the gasilica-* 
tion of coal by the Mond process in a later section. 1 

If the “ acid-tar ” produced is neutralized with lime 
and distilled, a “ neiftral tar " is produced, and 21 per cent, 
of the nitrogen content of the tar given off as ammonia. 

The addition of lime to coal and shale^before dry distilla- 
tion is stated to increase the yield of ammonia, but in spite 
of numerous communications on the subject this simple 
problem seems still to be under discussion. 

The Gasification of Fuel by the Mon*l Process. — 
A great economy in the combined nitrogen of coa*l was 
effected by executing the gasification in gas producers in 
the presence of air and steam at comparatively low tempe- 
ratures (L. Mond, 1883). In the Mond process a mixture 
of air and^ steam is drawn at a low red heat over fuel, 
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contaihed in a large upright iron cylinder, having a water- 
seal at the bottom from wliicii the ashes are remove^, v and 
a hopper for fuel and an outlet pipe for gas at #ie top. 
A mixture of hydrogen, carbon monoxide, carbon dioxide 
and nitrogen (from the air) is produced — 

C-[- 2 H 2 0 ^C 0 2 + 2 H 2 (below 900° C.) 

C-f H 2 O^CO+H 2 (high temperatures) ■ 

About 3-4 times as much nitiogen is recovered in the form 
of ammonia in the Mond process as in the dry distillation 
of coal. 

Process. Weight of ammonia Per cent, recovery 

from 100 kilograms coal. of ammonia. 

Dry distillation . . 0’25-0'3 kg. 20 

Mond gasification . . 075 kg. 60 

About 1,000,000 tons of coal are annually gasified by 
the Mond process in Great Britain ; on the Continent less 
is so treated. At Northwich, shortly after the installation 
of Mond producers, ammonium sulphate was obtained for 
£4 10s. od. to £5 or. 0 d. per ton, which was less than half 
the market price, and the regularity introduced by . gas 
firing was found advantageous. About 1890 superheating 
of the air and steam entering the producers was introduced, 
and the calorific power of the gas, which was previously 
rather low, was increased, together with the yield of am- 
7nonia. The calorific power of Mond gas is always rather 
low, but against this must be set its cheapness, and the 
clean character of the gas in burning, as well as the recovery 
of the by-products. Very large gas engines are required 
for economical working. In the old type of -washer used 
by Mond, consisting of towers packed with ring tiles over 
which dilute sulphuric acid w r as dropped, the acid strength 
had to be kept low, as otherwise the solution of ammonium 
sulphate was discoloured. 

The most recent type of gas producer on the Mond 
principle is that of hymn, in which various improvements 
of the original type have been made : — 

(1) The tall scrubbing towers are replaced by vertical 
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intensive mechanical washers, utilizing the momentum of 
the ens. 

(2\$)ust is removed by a cyclone dust separate. 

(3) The producers arc redesigned, and fitted with rotary 
grates and mechanical ash rei^ioveis. 

(4) In the Mond system 2 \ tons of steam have to be 
used par ton of coal gasified, of which two fifths is lecovered 
in cooling the gas, but if tons must be made in boilers. 
It is therefore advantageous to use waste steam. Lymn 
obtains this by utilizing the waste heat in the exhaust 
gases from the gas engines, and so generates steam in 25 
per cent, excess over the requirements of the producer. 

A description of a modern Lymn plant is given by the 
inventor as below : — 

Capacity : 2812-2830 KAV. as gas. 

Consumption of coal (o'8 per cent. N) : 6±6-jo‘2 tons per 
24 hours. 

Cost of coal : 125. <\d. to 13s. 5 d. per ton. 

Cost of gas per K W.H., including 10 per cent , amortiza- 
tion : 0*07 d. 

It has been stated that the yield of ammonia is increased 
by chilling the outside of thb producer with water. 

In 1907 Dr. Xicodemus Caro, of berlin, took out ,a 
patent for the application of the Mond process to the 
gasification of low-grade coal, coal washings, and pit-head 
waste (“ Heap-Coal ”) containing as low as 30 per. cefttL 
of coal. Such waste coal gives 25-30 kg. ammonium* 
sulphate per ton, and 50-100 II. P. hours as electric current. 
It is doubtful if any attempt has been made in this country 
to utilize the enormous heaps of waste coaf lying near the 
pit-heads, yet it should be possible to gasify this waste 
fuel with full recovery of the ammonia, and the power 
could be utilized in the preparation of cyanamide Or other 
product dependent on cheap power. There seems more 
hope for such a scheme, involving the preparation oi cyana- 
mide, its decomposition with production of ammonia, 
and the oxidation of this ammonia to nitric acid, than there 
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is for the arc process. The tendency in the past has been 
to limit all power considerations to the use of high cjuality 
coal, which may be far too expensive. f The use qf lignite 
(which is not found to any extent in this country, but is 
plentiful in the colonies) has n been applied to direct steam 
raising at Bitterfeld, vSaxony, where 3000 H.P. was pro- 
duced for the electrolytic alkali process in 1894. - Lignite 
lias also been usvd for gas producers in North Dakota, 
America. The utilization of low-grade fuel is a problem 
which calls for more attention than has been given to it 
in England. On account of the plentiful supply of good 
coal found here, it has been unnecessary to trouble about 
the poorer fuel ; but this position cannot be maintained 
any longer if processes dependent on very cheap fuel are to 
be introduced with success. 

The application of peat, or turf, in gas producers was 
also pointed out by Frank and Caro in 1908. The wet 
peat containing up to 60 per cent, moisture is gasified at 
300° in lagged vertical iron Mond producers. The tempe- 
rature rises to 500°, but the optimum temperature is 400° 
when ammonia recovery is aimed at. Dried peat contains 
about 1-2 per cent, of nitrogen. The gas obtained at 
Osnabruck by the Prank-Caro* process has a calorific value 
(F 1400 Cal. per cM. metre, and 70 per cent, of the nitrogen 
is recovered as ammonia. The value of this ammonium 
sulphate was said to cover the whole cost of production, 
and the power was obtained free. Whether this is true 
, or not, the attitude formerly adopted in this country towards 
the gasification of peat, namely that peat containing more 
than 30 per cent, of moisture could not be gasified directly, 
and that the drying off of the rest of the water from the wet 
vpeat containing 70 or more per cent, of water was an opera- 
tion which made large-scale working impossible, has been 
shown do be quite incorrect. Producers are now working 
in Ireland with peat containing 60 per cent, of water. At 
Port ado wn peat costing 5s. per ton is gasified with the 
production of power at J c d. per JI.P. hour. In Italy, at 
Orentano near Pisa, a plant for the gasification of peat; 
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with a capacity of 300 K.W., has been in operation since 
igio,*and was laid down by * British company. 



Knfcl. mil and 
liclmd 

inly 

Germany 

Mo: s4 urc m wot peat . . 


1 3 

.|O~0O 

Percentage N in dry peal 

Ammonium sulphate per ton drv peal 


l 38-2 5 

ro > 

in lbs. 

108-213 0 

I 13-173 

70 


The difficulty of the process does not lie in the gasifica- 
tion, but in the supply of the peat and the drying oil of the 
water. Peat cutting by hand is a slow and somewhat 
expensive process and mechanical peat cutters are still in 
the experimental stage The peat as dug contains 30-90 
per cent, of moisture, and is usually dried down to 20 per 
cent. This is, however, dilfieult in a moist climate, Kx- 
periments have been made with the object of drying peat 
by forcing out the liquid water by means of an electric 
current, applied to produce electric osmose. 

The lyynin producers with preheateti air and steam are 
stated to use peat containing 40-60 per cent, of moisture 
directly. ■ # 

About 10,000,000 tons of peat are* raised annually, 

4 of which are produced in Russia, the whole representing 

90.000 tons of ammonia. Extensive areas of peat occur* in 
Canada, and in Ireland where it forms 5 8 per cent, of 1?te.— ■ 
soil. In Finland peat forms 20 per cent, of the soif. In 
Prussia there are 6,000,000 acres of peat land, and in America 

140.000 sq. miles, representing probably 13,000 million 
tons of peat or 640 million tons of ammonium sulphate. • 
In England there are 6 million acres of peat bog of an average 
depth of 12 ft., in Ireland there are 3 million acres, some 
being very deep. Scotch peat usually yields 3c v 2 lbs. 
ammonium sulphate per ton; Doncaster peat 21 lbs., on 
the wet peat. 

Other methods of treating peat (Grouven, \Yoltereck) 
have not been successful. 
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Siniilar to peat is the silt which accumulates by sub- 
sidence at the mouths of rivers. At the mouths of German 
rivers the silt contains as much as 2 per cent, of con: blued 
nitrogen, which could be recovered by gasification. This 
combined nitrogen is the cause of the fertility of the soil 
deposited by rivers in India and Kgypt, and utilized in 
agricultural practice from the remotest antiquity. 

Ammonia from Blast Furnaces.— Ammonia Is present 
in the gases from blast furnaces using coal in iron smelting ; 
a portion is probably formed by hydrolysis of the cyanides 
produced in the furnace. The difficulty of recovery depends 
on the necessity of cooling and washing the very large 
volumes of gas passing through the furnace, but in Scotland 
and Staffordshire this is effected by spraying water through 
the gas as it passes through large brickwork chambers. 
Works using coke for smelting do not recover ammonia. 
In most cases an ordinary ammonia still is interposed 
between the furnaces and the regenerative stoves where the 
gas is burnt. 

Production of Ammonia from Gas Liquor.— The 

ammonia-water or atnmoniacal liquor from gas or coke oven 
works is a very complex product, containing besides tar, 
phenol, naphthalene, pyridine, etc., the following salts 
of ammonia : — 

I. Volatile Salts — expelled by boiling alone : — 
ammonium carbonates (mono-, bi-, and sesqui-). 

l 1 ,, sulphide and hydrosulphide. 

,, cyanide. 

,, acetate (?). 

,, hydroxide. 

II. Fixed Salts — decomposed by lime : — 
ammonium sulphate. 

,, sulphite. 

,, * thiosulphate. 

,, thiocarbonate. 

,, chloride. 

,, thiocyanate. 

,, ferrocyanide. 
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- Its .composition is very \ariable; some analyses' gave 
the following results : — 

* 'i>tal ammonal 17*154 grams per litre. 

Volatile ,, . . 14-046 ,, ,, 

Fixed ,, .. 3*o8ci # 

*The amounts of ammonia are usually given in what is 
known r <*s^ “ ounce strength,” this curious unit being the 
number of ounces avoirdupois of pure sulphuric acid required 
to neutralize the ammonia in 1 gallon of liquor. Volumes 
of liquor are then converted to equivalent volumes of io-oz. 
liquor. 

The ammoiiiacal gas liquor, after separation of the tar by 
settling in tanks, is worked up into the following products - — 

(1) Concentrated gas liquoi. 

(2) Purified ammonia solution (“aqua ammonia,” or 

“ ammonia spirit ”). 

(3) Ammonium sulphate. 

(4) Anhydrous liquid ammonia. 

In the early days of gas-works ammonia recovery, 
the gas liquor was neutralized directly *with sulphuric or 
hydrochloric acid, when very impure and tarry salts were 
produced. In the newer practice, the ammonia is always 
distilled out first and then # neutralized with acid. The 
free ammonia is driven out by boiling alone, and the fixed” 
ammonia then obtained by adding an excess of lime eftnj 
continuing the boiling. About 350 parts of lime to io<^ 
parts of fixed ammonia are used. I11 small works caustic 
soda is used instead of lime, as it is less troublesome, or 
else the fixed ammonia, which is an appreciable fraction of 
the total, is not recovered at all. Formerly this was the 
case in large works, because in the old direct-fired stills 
crusts were formed when lime was used to liberate the fixed 
ammonia, and prolonged boiling was necessary to drive 
off all the ammonia. In sucli an old still apparatus, of the 
total ammonia — 

76-9 per cent, was expelled by boiling alone ; * 

20-5 percent, was recovered by bailing with lime ; 

2-6 per cent, was left in the still-liquor. 
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With 'modern apparatus, such as is described , below, 
less than o'ooj per cent, of 'ammonia is contained the 
waste liquor. . 4 

Ammonia was also produced by blowing steam into 
coke towers fed with gas-liquor. 

In modern practice the distillation is carried out in 
cblumn apparatus on the principle of the Coffey still, the 
firing being either direct external (coal, etc.), or by steam 
coils, or by live steam blown into the still. The last method 
is to be preferred, because external bring causes crusts of 
lime salts to form in the still, whilst steam coils are less 
economical than live steam. Only 1-2 per cent, of the 
total ammonia recovered is estimated to be made in direct- 
fired stills at the present time. 

A still of modern type is that of Or fine berg and Blum, 
shown in Fig. 53, which combines many improvements 
introduced from time to time in the old stills. Most of the 
ammonia is now recovered as sulphate, and the working of 
the Griineberg and Blum still for the preparation as sulphate 
will first be described. 

The plant consists of four parts: the still A, theyheat 
economizer B, the lime pump C, and the saturator D. 

The liquor enters the economiser through the pipe 1, 
,and is heated by' the gases coming from the saturator (where 
the ammonia is dissolved in sulphuric acid), and passes by 
2 to the still column 3 containing diaphragms. Steam is 
'passed up this column and bubbles ♦through the central 
pipes 4 covered with serrated hoods. The volatile ammonia 
is expelled in the upper part of this column, and lower down 
at 5 milk of lime of density i5°-22° Tw. is added from the 
pump, which expels part of the fixed ammonia. The 
liquor then runs to the boiler 6, containing a stepped cone 
over which the liquor flows in thin layers and is heated b> 
the steam coils 7. The liquor in the economizer is heatec 
by the hot gases from the saturator passing through the 
bell 8 and the pipe 9, the liquor entering the inner pipes 
at 10, rising through, B and passing through 2 to the column 
The liquor then passes down the column to the lime vessel 5 
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overflowing by a pipe 12 to the sludge catcher 13., whence 
it overflows all round 13 and nuns over the stepped cone 14, 
discharging from to the overflow 16. Steanf travels 
in the opposite direction to the liquor, passing up the steps 



of 14, up the pipe 17 into 18 and the lime vessel 5/ from 
which the mixed steam and ammonia pass up the column and, 
after separation of much of the steam by liquefaction in 
the cool upper part of th* column, the gas leaves by the 
pipe 19 to fhe saturator. The uncondensed gases (H 2 S, 



t <7ig. 54. — •“ Bamag ” Ammonia Still. 

A, still ; B, economizer ; C, lime washer ; D, lime pump ; E, cell- 
condenser ; F, liquor feed. 

of iron purifiers, fro/n which sulphur is recovered in the 
Claus process. 
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The Feldman apparatus is^similar to the above, but two 
coluigwis are used : in the first the volatile anlmonia is driven 
off, theiynilk of lint# is added and the sludge settles ; in the 
second column, to which the settled liquor passes, the ammonia 
is driven out by steam. Tintype is said to be very suc- 
cessful. A Feldman apparatus in use at Runcorn deals 
with 2Cfb tons of liquor daily. 

In the apparatus of the “ Bamag ” (Fig. 54) one column 
is used, and milk of lime introduced into a lower com- 
partment where the bubbler is deeper in the liquid, so that 
the latter is more efficiently stirred. 

The Solvay apparatus consists of a column with sections 
carrying inverted saucers. Preheated liquor runs in at the 
top and steam is passed in at the bottom, which drives out 



the ammonia. Lower down, milk of lime is added and the 
remaining ammonia is driven out. The vaptmrs may pass 
through a reflux cooler, or the top of the column may be 
cooled by water, if a concentrated liquor is required. 

The absorption is carried out in a lead vessel, or m one 
of iron or wood lined with lead, containing sulphuric acid 
of 6o° Be.* and having a sloping floor as shown in Fig. 55. 
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The gases are led in through a perforated pi}>e into tire closed 
half, which is separated from the open half by a seal partition 
dipping into the acid. The ammonijfm sulphatp crystals 
are raked on to draining shelves and the liquor runs back to 
the saturator. Fresh acid ir/ added from a vessel above the 
saturator. The crystals are 93-99 per cent, purity/ con- 
taining o* 1-0*5 l )er cent. of free acid. The colqul should 
be white or grey. ' The sulphuric acid used should be brim- 
stone acid or dearsenicated acid, as otherwise arsenic sul- 
phide is produced which colours the salt yellow. A blue 
colour is sometimes produced if the gas is passed into the 
acid too rapidly, when local alkalinity, leading to the forma- 
tion of cyanides and thence Prussian blue, is the result. 

Ammonium sulphate is now largely produced by the 
so-called Direct Process, in which the tar is separated 
from the crude gas by special apparatus, and then the gas 
passed directly into sulphuric acid to produce ammonium 
sulphate. 

I11 the processes of Feld and Burklieiser an attempt was 
made to utilize the sulphur in the crude gas to produce 
ammonium sulphate with the ammonia. In the Feld process 
the gas is washed with hot tar, and then passed into a 
solution of ferrous or zinc sulphate — 

, FeS 0 4 +2NH3 +H 2 S =FeS + (NII 4 ) 2 S0 4 

, y The FevS (or Z11S) is filtered oh and treated with a dilute 
solution of sulphurous acid, when thiosulphate or tetra- 
thionate is formed — 

'iFeS+ 3 S0 2 =2FeS 2 0 3 +S 
FeS +3SO0 =FeS 4 O c 

These salts act on ammonia and sulphuretted hydrogen 
in the same \vay as the sulphate, and I'e v S is precipitated. 
The solution contains ammonium sulphite. When sufficiently 
concentrated the solution is treated with S 0 2 and “ ulti- 
mately ” yields ammonium sulphate. In the later process 
of Feld the tar fog is separated by treatment with atomized 
liquid tar at ioo°-20o°, and then with steam. On cooling 
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to 40° hardly any ammonia is condensed, and this can be 
absorbed in the usual way. *In the process of Burkheiser 
. the tar-iree gas is led over oxide of iron catalyst, \vhen the 
H 2 S is oxidized to § 0 ..,, which then reacts witli the Nil, to 
give ammonium sulphite. Cpbb precipitates a solution of 
Z11SO4 "'ith the gas, when zinc sulphide and a solution of 
ammonium sulphate are formed. 0 The ZmS on roastifig 
gives ZnT) and SO,. The Zn() when sus; ended in water 
and treated with SO, gives zinc sulphite, and this witlw 
gas containing NIL, and H,S gives ZnS and ammonium 
sulphite. 

All these direct processes are at present 011 tiial, and 
further details cannot be given. It will be noticed that the 
product is usually ammonium sulphite, not sulphate, and 
this must be oxidized. According to a Hadisehe patent, 
this can be effected in presence of selenium as a catalyst — 

3 (NH j ) 2 S( ) 3 - |-6N 1 1 1 1 IvS() 3 (N H t ) oS( ) t f-jS | 3 1 1 2 ( ) 

The direct process in which tar-free gas is led into dilute 
sulphuric acid appears to be successful. ( 

e In the production of ammonia from gas li(pior, the 
latter is distilled. Three products are made : — 

(1) Concentrated Gas Liquor.— This is made for use in 
the Ammonia-Soda Process in two qualities. 

(a) Containing 16-18 per cent. NH ;{ together # with 
sulphide and carbonate. The gases from the ammonia 
still are passed thrgugh a reflux condenser and then tlyrough 
a direct condenser. One form of condenser is the cell-* 
cooler (Fig. 52), in which gas liquor is preheated in serving 
as the cooling medium. As reflux condenser, a large metal 
Liebig’s condenser is often used. 

(b) Containing 18-26 per cent, ammonia with a little* 
sulphide but no carbonate. The vapours from the still 
pass through a lime -washer, in which milk of lime is pumped 
over plates in a small tower, through which the spent lime 
runs to the still (Fig. 52). The traces of sulphjde .form a 
protective coating of iron sulphide qn the iron pipes used 
in conveying the liquors in the ammonia-soda process. 
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(2) ' Purified Ammonia Solution or Ammonia Spirit . — 
Excess of lime /from 3 to 3 £'* times as much as is u^ed in 
making ammonium sulphate) is added to the still Co allow, 
for hydrolysis of calcium sulphide — 

CaS + 2 H 2 0 $Ca( 0 H) 2 +H 2 S 

* Even then a trace of H 2 S comes over from the still and 
must be removed* by adding ferrous sulphate to the lime- 
washer, when EeS is precipitated, and not being very 
soluble is not hydrolysed like calcium sulphide. The gas 
from the still may also be passed through a 10 per-cent, 
solution of caustic soda after the lime- washer. The gas 
is then passed through layers of wood charcoal, and finally 
through a washer containing a heavy mineral oil to remove 
pyridine and other organic bases. The pure gas is led into 
distilled water until a 30-per-cent, solution is produced. 
The solution must be cooled during absorption, as much heat 
is set free. The wood charcoal needs frequent renewal, 
but may be revived by heating to redness in closed iron 
retorts. 

I11 the process of Hill, the crude liquor is heated to 7o° 7 $o° 
before passing to the still, when much of the C 0 2 and H 2 S 
is set free and escapes, thus effecting economy of lime and 
minimizing the clicking of the still column with lime salts — 

. 4 (NH. 1 )oS+ 2 H 2 0 - 2 NH 4 C)HH h 2 s 

(NH 4 ) 0CO3 +H 2 0 -2NH 4 OH -1 -C() 2 

(3) Anhydrous Liquid Ammonia— The purified and 
dried ammonia gas is compressed into steel coils. All parts 
of the apparatus must be of steel to prevent corrosion, and 
with multistage compression the heat is removed at each 
stage. The gas is then passed to cooling coils immersed 
in cold water for liquefaction. The liquid, of 99-9 per cent, 
purity; is sent out in steel bottles of 20, 50, or 100 lbs. It 
is used for refrigeration, and in the preparation of sodamide, 
NaNHo, by passing ammonia gas over heated sodium. 
Sodamide is used in the manufacture of artificial indigo 
and of cyanides. 
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cooling qq per cent, and 65*4 per cent, afnmonia * 
solutions in liquid air, Rdpert obtained the crystalline 
compomnds NH 4 QH and (NH 4 ) 2 0 , melting at --77° and 
— 75 0 respectively. 

Ammonium Salts.— Ammonium salts of technical im- 
portance are — 

’T^ie sulphate, (NH 4 ) 2 S0 4 , already described ; 

The chloride, NH 4 C 1 , or “ sal ammoniac ; ” 

The carbonates ; 

The nitrate, NH 4 N() 3 ; 

The phosphates, NH,H 2 P 0 4 and (NII 4 ) 2 I IP() 4 . 

Ammonium chloride is produced : — - 

(1) By neutralizing “ Concentrated gas liquor ” with 
hydrochloric acid, evaporating and crystallizing.* 

(2) By double decomposition of the sulphate with 
common salt and “fishing” out the sodium sulphate as 
the liquid is boiled down — 

2NaCl l-(N T Ii 1 ) 2 S0 4 --:Na 2 S()c I-2NH4CI 

C J3) In solution for use as a llux by passing a mixture 

of COo and NH.> into a solution of calcium chloride : — 

- J • 

CaCl 2 +2NH3 -I-CO2 +H 2 0 =2NI I Id | CaC0 3 

• 

Ammonium chloride is sometimes sublimed in iron 
pots with concave jron lids ; it lorms tough fibrous njass^s 
often coloured yellow in places by ferric chloride. The salt* 
is also pressed into blocks or tablets — “ voltoids ” — for 
use in batteries. 

Ammonium Carbonate. — The following siflts have been 
isolated and examined by Divers : — • 9 

(1) Neutral carbonate, (NII 4 ) 2 C 0 3 ; • 

(2) Semiacid carbonate, (NH 4 ) 4 H 2 (C 0 3 ) 3 +H 2 0 ; 

(3) Acid carbonate, or bicarbonate, NH 4 HCQ 3 . 

Commercial “ carbonate of ammonia ” is a mixture of 
the bicarbonate and ammonium carbamate, a derivative 
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of the luonamide of carbonic acid (the diamine is 
urea) — . 4 

,OH /)H 7 NHo , <* 

cof -> co( -> co<; 

N)1I x nh 2 nh 2 

OH " ,NH 2 

CO( CO 7 Ammonium carbamate. 

( ;nh 2 \)nh 4 

The commercial salt usually contains 31 per cent. NH 3 
and 56 per cent. C 0 2 . It is prepared by heating a mixture 
of 1 part ammonium sulphate with 1*5-2 parts of chalk 
in an iron retort, and passing the vapour into a lead chamber, 
where crusts of ammonium carbonate collect. The salt 
is used in wool-washing, in the preparation of baking-powder, 
and of “ srhelling-salts." 

Ammonium Nitrate is made 

(1) By neutralizing nitric acid with ammonia, or by 
blowing ammonia gas into 60 per cent, nitric acid, in covered 
pans, when the heat developed is sufficient to drive off all 
the water produced in the reaction — together with about 
20 per cent, of the ammonium nitrate. 

"(2) By decomposing the sulphate with sodium nitrate 
in aqueous solution. Careful attention must be paid to 
the concentrations and temperature, the whole process 
being regulated by the use of phase-rule diagrams showing 
the phases separating at the various temperatures and 
compositions. 

(3) By decomposing calcium nitrate with ammonium 
carbonate. The- calcium nitrate is made by the double 
decomposition of sodium nitrate and calcium chloride, 
“fishing out ” the sodium chloride which separates from 
c the hot liquor. The Norwegian calcium nitrate is said to 
give less satisfactory results than that prepared as described, 
possibly because it is slightly basic and contains iron. 

Ammonium nitrate is largely used in the manufacture 
of explosives. 

Ammonium phosphate is prepared by treating super- 
phosphate of lime with water and steam to produce a liquid 
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of density 42 0 Tw. This is decomposed with baiitun car-* 
-b^i^te to precipitate sulpliates, and neutralized with a 
slight 'excess of ^ammonia. On evaporation tTie mono- 
phosphate, NH 4 H 2 1 ) 0 1 , separates. On adding more am- 
monia, the diphosphate, (XH^Ii P 0 4 , used in sugar refining, 
is produced. 

Ammonium thiocyanate , XII 4 CXS, occurs in gas liquor 
and in spent oxide from the purifiers, it is prepared by 
washing the crude gas, containing ammonia and cyanides^ 
with water containing powdeied sulphur in suspension. 
The ammonium sulphide produced reacts with hydrocyanic 
acid to form the ammonium salt of thiocyanic acid, NH 4 CNS, 
in 30-50 per cent, solution. This is purified by adding 
barium chloride, recrystallizing the baiium thiocyanate, 
and decomposing in solution with ammoniuTii sulphate. 
Ammonium thiocyanate, often called the sulphocyanide, 
is used in photography. 

Ammonia from Cyanamide. — Berthelot in 1869 
observed that acetylene, under the influence of the electric 
arc, combines with nittogen to form hydrocyanic acid— 
C 2 H 2 +N 2 -2HCN 

After the discovery that metallic carbides are formed 
by heating the oxides with carbon in Uie electric ftynace, 
e.g. calcium carbide— 

Ca() | 3C=CaC 2 -|-CO 

and that carbide^ with nitrogen gave cyanides, the '©Id " 
puzzle as to the formation of cyanides in the blast furnace 
was cleared up. 

Frank and Caro in 1895 showed that in the formation 
of barium cyanide from barium oxide, carbcm, and nitrogen* 
at high temperatures, the following stages are passed 
through : — 

(1) Ba() + C=Ba+CO 

(2) Ba+2C= BaC 2 

(3) BaC 2 +N 2 =BaCN 2 +C 

followed, under favourable condition^ by the reaction— 

. * (4) BaCN 2 +C=Ba(CN) 2 
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The intermediate substances, of which BaCN 2 is a "type, 
were discovered by Rothe and Freudenberg, and are cs^Fd 
cyanamides, since they are derived from the amide of hydro- 
cyanic acid. 

H 2 N— N^C -> BaN—N^C 

cyanamidc barium cyanamide 

The corresponding calcium compound, calcium cyana- 
mide, or as it is usually called simply, “cyanamide,” is 
produced by passing nitrogen over calcium carbide at 
1100 °— 

CaC 2 +N 2 — CaCN 2 + C 

When the technical production of calcium carbide was 
begun in 1895, the possibility of using these reactions in 
the fixation of atmospheric nitrogen became apparent, 
and in 1904 the cyanamide industry was founded. The 
first factory was completed in 1906, but the industry received 
an important impetus in 1910, when steady production 
began at Niagara, and cyanamide works are nowin operation 
in various parts of the world. 

In 1907 Krlwein showed that it was not necessary to 
start with calcium carbide, since a mixture of coke and lime 
when heated in the electric Jfurnace absorbed nitrogen 
passed over it, with formation of cyanamide- — 

CaO +2C +N 2 — CaCN 2 +CO 

When the demand for carbide fell off, after the dis- 
appointment attending the use of acetylene gas as an illumi- 
nant, it was found cheaper to use carbide in the original 
process of Frank 1 and Caro rather than Rrlwein's process, 
v and the older process is now almost exclusively used. 

In the cyanamide works at Odda, in Norway, the crushed 
barbide is heated in relatively small drums of sheet iron, 
lined with refractory bricks, by means of carbon rods passing 
down tlie axes of the drums and heated electrically. A number 
of drums are enclosed in an air-tight chamber, and nitrogen 
passed dn. r When absorption has begun, the current is 
turned off, and the heat of reaction maintains the material 
at a sufficiently high temperature, which has to be carefully 
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regulated. After 30-40 hours the drums are withdrawn, „ 
^owed to cool, and the blocks of eyanamide removed. This 
t is Uierb ground tq powder, treated with water to remove 
carbide,* and packed in bags. Sometimes the powder is 
treated with oil to render it less dustv. It contains about 
20 per cent, of nitrogen, and comes on the market as *' Nitro- 
lim.’VThe nitrogen is prepared by the fractionation' of 
liquid aif in a Iyinde machine. 

Cyanamide works have been established in other parts* 
of Norway, in America, and in Italy. It is estimated that 
carbide works which pay £2 to £2 10 s. per II. P. year for 
power, and average prices for coke, lime and nitiogen, can 
produce cyanamide at a profit. 

In the continuous cyanamide process of Tofani the 
crushed carbide is conveyed to the top of a vertical shaft 
furnace by a worm-feed, falls down over sloping plates 
after heating by passing through a row of aies or resistance 
electrodes in the upper pait of the furnace, and meets a 
stream of nitrogen passing up the furnao . The eyanamide 
is withdrawn from ar* air-tight chamber at the bottom. 
In the improved process, now in operation in Norway, 
the arcs are replaced by electrodes of carbon, 350 mm. 
diameter, the consumption ®f electrodes being 375 5-5 kg. 
per ton bf cyanamide. The product is Very uniform* and 
contains 19-20 per cent, nitrogen. One ton of cyanamide 
is produced from 725 kg. of carbide. 

When cyanamide is treated with superheated steam hr 
water, ammonia is produced — 

CaCN 2 + 3H0O --CaCO j | 2NII, 

In the American process, used at vSyracusc, N.Y., the 
cyanamide is decomposed as follows. 12,000 lbs. water 
and 7000 lbs. cyanamide are placed in an autoclave and 
agitated for an hour to remove acetylene from unchanged 
carbide. Two per cent, of slaked lime and 3 \ per cent, of soda 
are then added, and steam admitted to 3-4 atm. pressure 
for 15 minutes. The pressure rises, automatically owing 
to production of ammonia, to 12-14 atm. in 20 minutes. 
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, The ammonia is discharged gradually, so as to maintain 
the pressure, and after ij hoilrs steam is again admqtt^d 
to 6-8 atm. and the ammonia again removed. Further 
steaming may recover a further 2 per cent, of ammonia. 
The yield is 98 per cent. The ammonia is washed with 
a solution of caustic soda to remove silicon and phosphorus 
compounds from the calcium silicide and phosphide t usually 
present in the carbide, and is then very pure. The gas may 
^•be stored as such in a gasholder over water covered with 
a layer of oil, or converted into an aqueous solution. 

The world's production of cyanamide in 1914 was 
300,000 tons. Works have been erected in Germany since 
the outbreak of the war for the production of 500,000 tons, 
as well as arc process works and the Haber synthetic process. 
Fair progress has also been made in America. 

Various sources of information show that the power 
consumption in the cyanamide process is 20 K.W.II. per kg. 
of nitrogen fixed (see tables at end of this section). The 
cost at Odda is stated to be £4 10s. 6 d. per ton ; that at 
Bussi (Italy) £4 os. 0 4. per ton, in both cases for 20 per cent, 
nitrogen content, which work out at 275 d. and 2’43^. oer 
lb. fixed nitrogen, respectively. 

The following table gives an approximate estimate of 
the amounts of nitfogen fixed by the different processes : — 

1913. 1916. 

Cyanamide 65,000 tons 209,000 tons 

Arc i 8 , 5 QO , 29,510 „ 

H^bcr . . . . • . • • 8,000 ,, c 60,000 ,, 

" In 1916, one million horse-power was expended in the 
fixation of nitrogen. 

Ammonia from Nitrides. — Many elements combine 
directly with nitrogen when heated in the gas, with forma- 
tion of nitrides. Nitrides are so produced from lithium, 
magnesium, barium, calcium, boron, titanium, silicon, and 
aluminium. 

Of these, the nitrides of titanium, aluminium and silicon 
have been utilized in the manufacture of ammonia, which 
is produced when the nitrides are treated with water or 
steam under suitable conditions. 
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Iij Landmark’s process, steam and nitrogen <?.re* passed 
alte rnately over a mixture of titanium nitride and carbon— 

' • 2TiN 2 - 3 H 2 0 = 2 TiN -|- 3CO + 2 N H 3 * 

* 2TiN-(-N 2 =2TiN 2 

According to Schukow 1 ^qo 8), titanium nit 1 ides are 
more probably solid solutions. # * 

In\l ihidische process, 75 parts of silica are heated with 
25 parts of coal and 2 of soda in a current of nitrogen at < 
1350° for 10-12 hours-- 4 

4Si0 2 +8C -1-jNo --2vSi 2 N ;{ | -8C( ) 

The cooled product is decomposed by boiling with 
a 20-per-cent, solution of caustic soda, or by milk of lime 
in autoclaves, or by boiling 100 kg. of nitride with a solution 
of 40 kg. common salt and 2 kg. caustic soda in 400 litres 
of water. 

In the vSerpek process, formerly worked in the Savoy, 
Switzerland, aluminium nitride, AIN, was produced by 
passing a mixture of bauxite (natural aluminium oxide) 
and coke through a revolving electric furnace at 1 500-1600 °— 

, Al 2 0 3 -f- 3C-|-N 2 =2AlN+3C() 

The bauxite was calcined in the upper part of the furnace 
by the hpt gases, and the mixture then fgll over carboi; rods 
heated electrically and set in the side of the furnace tube. 
The product withdrawn from the furnace contained *26 
per cent, of nitrogen, and could be decomposed by boiling 
with water under %-6 atm. pressure, or with weak Slkali, 
with formation of ammonia. The process is no longer 
worked. 

Ammonia from Cyanides.— Since the discovery, early • 
in the nineteenth century, that cyanides are produced when # 
mixtures of alkalies and carbon are heated to whiteness in 
a current of nitrogen — 

Na 2 C0 3 +4C +N 2 = 2NaCN +3CO 
and that cyanides are decomposed by steam with production 
of ammonia — , # 

NaCN+2H 2 0=HC00Na+NH 3 
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numerous ‘attempts have been made to obtain ammonia 
from atmospheric nitrogen in v this way. All t,hese J 
so far been unsuccessful, and it would diardly have been 
necessary to have made reference to the subject but that 
a recent communication frora-J. E. Bucher appears once 
more to have aroused considerable interest in the matter- 1 - 
so ‘much so that a considerable sum of money has< been 
allocated by the American Government for the investiga- 
tion of the process. A brief account of some of the earlier 
work may be of interest. 

L. Thompson (Dingl. J., 23, 281, 1839) observed that 
cyanide is readily produced by heating a mixture of 
potassium carbonate, charcoal, and iron, in a stream of 
nitrogen. The presence of iron was found to be essential 
for the successful working of the process. 

Newton in 1840-1843 took out patents for a similar 
process. Nitrogen was obtained by passing the exit gas 
from vitriol chambers, which had already had a certain 
amount of oxygen abstracted in the chamber reactions, 
through a mixture cf ferrous sulphate and lime. This was 
passed over a mixture of potassium carbonate and charcoal 
heated to bright redness. The process was worked at 
Newcastle-on-Tync for a few years, but failed on account 
of the great wear and tear on the retorts by the fluxing 
action of the fused salts. 

Eudwig Mond in 1882 tried the process which had been 
proposed by Margueritte and Sourdeval in i860. It had 
been observed that cyanide formation occurred more readily 
with potassium than with sodium, and most readily with 
.barium, salts. A mixture of barium carbonate and char- 
coal (formed by briquetting with pitch and sawdust), with 
br without the addition of iron filings, was heated strongly 
in a fireclay retort, when a porous mass of barium oxide 
with excess of carbon resulted — 

BaCOg -{-C =BaO -f-^CO 

A slow current of .producer-g?s, obtained by blowing 
air through red-hot coke, and consisting of nitrogen and 
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carbon monoxide, was then passed over this mass, .heated 
to 1400° C. in vertical retort^, until a sufficient amount of 
was absorbed — 

• BaO*+3C-fN 2 =Ba(CN) 2 +CO 

The material was then coaled to 500° C. by a current of 
colcf producer-gas, and steam blown through at this tempe- 
rature* wjien ammonia was evolved*— 

Ba(CN) 2 +4H 2 0 =2NH 3 + BafCOOH) , 

The intermediate reactions leading to the formation 
of cyanide, discovered much later by Frank and Caro, have 
been described on p. 203. 

The process did not pay, and was abandoned by Mond, 
who afterwards turned his attention to the recovery of 
ammonia in the gasification of coal (p. 187). • 

Various other processes have from time to time been 
tried, but have been abandoned. 

Bucher (/. Ind. Eng. Chon ., 9 , 233, 1917) claims that 
nitrogen can be fixed in the form of sodium cyanide by 
heating an intimate mixture of equal weights of sodium car- 
bonate, coke, and iron, made into briquettes, to goo°-950° 
in a stream of producer-gas (CO+N 2 ). The resulting pro- 
duct is stated to contain up to 20 per cent, of sodium 
cyanide, Much is decomposed by steam tvitli production of 
ammonia — 

(i) Na 2 C 0 3 + 4 C+N 2 — 2NaCN+3CO — 138*5 kg. cals. 

(ii) NaCN +*H 2 0 *-I rCOONa +NH 3 

Bucher’s claim that previous workers have failed because 
they omitted to add iron, which catalyzes the reaction so 
that fixation of nitrogen proceeds at a comparatively low 
temperature, is not in accordance with the facts, because 
the use of iron, as well as of nickel and manganese as catalysts 
has been mentioned in former patents ; t.g. Margueritte 
and Sourdeval, Brit. Pat. 1027 of i860. It may be that 
the previous experiments were carried out at too high a 
temperature, and it is certainly a matter of importance to 
try whether Bucher's proposal will lead to a satisfactory 
B. • 14 
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metho<J for the production of ammonia on a large scale. 
If the method succeeds, it will doubtless replace all the 
other synthetic processes, on account of its simpli^ity^'and 
cheapness. 

Synthetic Ammonia : the Haber Process.— After 
earlier unsuccessful attempts'’ to bring about the union of 
hydrogen and nitrogen, to an appreciable extent, dating 
from the observation of Regnault about 1840 that a mixture 
„ of one volume of nitrogen and three volumes of hydrogen 
when sparked in a eudiometer over sulphuric acid gradually 
disappeared and was converted into ammonium sulphate, 
the problem was solved by the researches of Haber and his 
pupils, commencing in 1905, and in 1910 the technical 
process was begun in Germany by the Badische firm. 

Haber found that the equilibrium — 

N 2 + 3 H 2 $2NH 3 

is reached with increasing concentrations of ammonia at 
high pressures and moderately low temperatures as 
follows : — 


Pressure m atm. Per cent. NH n m equilibrium mixture N2 + 3II2 at different temperatures. 


* 

550° 

650° 

75°° 

850° 

950° 

I 

0 077 

0 032 

0 016 

o’ 009 

0005 

IOO 

671 

3 02 v 

1 '54 

0S74 

0-542 

■ 200 

ii*9 

5‘7I 

2-99 

r68 

1 07 


l'he problem, therefore, was to find a catalyst which 
accelerates the reaction velocity to such an extent at a 
^ sufficiently low temperature that the yield of ammonia is 
sufficient to make the process workable on a technical 
scale. The conditions obtaining are exactly analogous to 
those discussed in connection with the contact process and 
^ the preparation of chlorine by the method of Deacon (cf. 
pp. 45, 1 19). Numerous catalysts have been patented in 
connection with the Haber process : among them are prepara- 
tions containing cerium, manganese, tungsten, uranium, 
ruthenium, osmium, and especially catalysts mixed with 
smaller quantities of other materials which act in such a 
way as to produce a more efficient catalyst from a less 
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efficient — the so-called "promoters.” Such a catalyst, for 
iag$aijce, is a mixture of iron Slid molybdenum. 

PTani for the annual production of 30,000-60,000 tons 
of ammdnia by the Haber ])roeess (as sulphate) was said 
to be in operation in Germany at the outbreak of war at 
a single works at Oppau, and the total production in iqi6 lw 
the Hab^r process has been given as *500. 000 tons ammonium 
sulphate, at a cost of /6 per ton. These inures are probably 
fallacious, although Germany has had many years’ start 
over other countries in experimental work on the syn- 
thetic ammonia process. The operation of the process, 
which involves the use of hydrogen compressed to 100-200 
atm. at a temperature of about 500°, must call for con- 
siderable experience and skill, which may have been acquired 
by the Badisehe company, but could hardly be gained else- 
where in time to make the process useful as a war prqposi- 
tion. The cyanamide process is much simpler than the 
Haber process, the plant could be erected in a much shorter 
time, and the control necessary could be more easily obtained 
under the present conditions than is thewasc with the syn- 
thetic method. The ammonia produced in Germany is 
required for the preparation of nitric acid by oxidation 
(see next section). • 

Comparison of Nitrogen Fixation Processes. — I'ron* 
the various sources of published information the following 
tables have been drawn up, in which the power requirements 
are given, together .with the approximate costs, for* the 
fixation of a unit of nitrogen in the various processes 
already discussed. In these calculations, aud those in 
the table on p. i6q, the following equivalents have been 
adopted : — 

1 year =8750 hours ; 1 metric ton=iooo kg.— 2205 lbs. ; 

1 kilogram calorie— 0 001165 KAV.H. ; 1 ton average 

coal=o-0925 K.W. year ; 1 dollar— 4*183 shillings ; 1 £.W. 
year =1*360 H.P. year; 1 kg. cal.=3’968 B.Tli.U. 

It will be seen that, apart from the figures relating to 
the Haber process and one* or two isolated estimates under 
other heads, There is fair agreement among the various 
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~ 

Qwams N 

K.W.H. per 
kg. N fixed. 

( !. 

K.W. years 

c 

H.P. years 

Process. 

fixed per 
K.W.H. 

per ton 

N fixed. 

# 


I. Arc Process. 





Birkeland and Eydc (1*25 per 

r* 




cent. NO) 

I 5’7 

f>3'7 

7*26 

9*8.7 

*' Schonhcrr (1*5 percent. NQ) . . 

167 

59*8 

6*815 

9*27 

Pauling (i*5 per cent. NO) . . 

16 7 

59-8 

6 81^5 . ' 

9*27 

II. Hausser Process .. 

III. Cyanamjde (20 per cent. N). 

5*56 

180 

20*45 

2 7 -S 

Baur 

5OS 

17-6 

2*0 

2*72 

Haber . . 

5 °'° 

200 

2-276 

3‘°95 

Lunge . . 

56-8 

17-0 

2*0 

2*72 

Summers 

60 *3 

i6*6 

I-8g 

2 ‘57 

Landis . . 

564 

1775 

202 

275 

Kroczek 

39° 

257 

2*925 

3'97 

IV. Haber Synthetic. 





Lilnge (not including compres- 





sion an?i preparation of gases) 

680 

1 '47 

0*1673 

0*2275 

— 

38 

29*35 

3 

4*08 

Washburn 

28’2 

8*88 

1*01 

178 

Landis 

Summers (not including pre- 

28*2 

8*88 

1*01 

1*38 

paration, purification and 
compression ot gases, and 
refrigeration of ammonia) . . 

667 

i*5 

0*171 

0233 

V . Serpek Process (25 per cent, 
nitnde). 

, Norton 

56'9 

17*6 

2*01 

S725 

Serpek 

857 

ir 7 

1*33 

1*808 

Kroczek 

*803 

12 5 

1*42 

1 '93 

Iiungc . . . . * 

II3-8 

8*8 

I*0J) 

1*365 

’ Summers (apart from coal) . . 

®3‘ 2 5 

12*0 

1*368 

i‘86 

z 

57° 

1755 

20 

2*72 


statements. As far as one can judgfc, after taking all the 
facts into consideration, the following table of power- 
consumption will .probably not be far from the truth : — 


Process. 

Grams N 
fixed per 
K.W.H. 

K.W.H. per 
kg. N 
fixed. 

K.W. years 
per ton 

N fixed. 

H.P. years 
per ton 

N fixed. 

1 

Birkeland-Eyde arc 

L5*7 

63*7 

7*26 

9-87 

Modem arc 

167 

59*8 

6*815 

9*27 

Hausser 

5*56 

180 j 

20*45 

27*8 

Cyanamiae 

50 

20 1 

2*276 

3'095 

Haber . . . . f . 

28 

8*9 j 

1*03 

1*40 

Serpek 

8o'3 

12*5 

« 1 * 4 * 

i *93 


1 
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Costs of Nitrogen Fixation.-— The cost of *1 imit of 
»it r o^en fixed in any of the pfocesses described will depend 
pn the tkree considerations — 

(1) The cost of the raw materials. 

(2) The cost of the power. ^ 

•(3) The working costs, apart from power, including 
capital«cjiarges. • # 

The Arc Process. — In the fixation #f nitrogen by the 
arc, the only raw materials used are atmospheric air and 
water. Both of these exist in abundance, and the only 
costs which need be considered are power and working 
costs. The power costs have been summarized on the 
table on p. 169, and these figures together with the power 
consumption on p. 212 enable one to make an approximate 
estimate of the cost of nitric acid produced by the arc. 

In the Birkeland-Kyde process, 157 grams N are fixed 
by 1 K.W.H. Taking the price of power at 0*0238^ 
per K.W.H. at Notodden, we find that one kilogram of 
nitrogen is fixed for a power cost of 1*516^. The power 
cost for 1 ton IiN 0 3 *as weak acid iv therefore £1*403. 
The # corresponding power costs for the Schonherr and 
Pauling furnaces would be, taking power at 0*0269 d. per 
K.W.H. at Milan (where the* improved Pauling furnace is 
in use), £1*491. # ' , 

According to Plusin ( Chon . Ind. } 1914, p. 525), ,the 
working expenses of an arc plant amount to £2 2.s\ to £2 8s. 
per ton HN 0 3 as • tower acid per annum. The lpeaif, 
£2*5 per ton, appears to be a reasonable figure. 

The capital cost for an installation producing nitric acid 
by the arc process is a somewhat speculative figure. Wash- 
burn (“The Facts in the Nitrogen Case,” 1916) gives the 
installation cost at £93 per ton HN 0 3 per annum, which is 
certainly much too high. An estimate of the Norwegian 
costs may be derived from the figures given tor the Rjukan 
works, which are stated to employ 280,000 H.P., and to 
represent a capital of £3, 300,000 (Lunge, “ Sulphuric Acid,” 
Suppl. to vol. i., p. 109), Taking tfie figure of 9*87 H.P. 
years per^ ton N fixed (p. 212), we find that the capital 
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cost per "con HN 0 3 as weak acid amounts to about £26, 
which includes the cost of the furnace installation, absorp- 
tion towers, etc., the power houses with-eservoirs, dtc. 

According to K. Scott (J. Roy. Soc. Arts, 60 , 646 735 , 
1912) the cost of the Norwegian plant is £4 '8 per K.W., 
which is equivalent to a capital cost of £35 per ton HN 0 3 
per year. The mean o'f these two estimates, viz. £30 per 
ton, may for the piesent be taken as approximately correct. 
No reliable figures for installations other than those using 
water power are available (cf., however, K. vSeott, Chcm. 
News, 116 , 187, 1917). 

14 appears that the interest and amortization on the 
capital costs are already included in the figures for power- 
costs and working costs stated above, so that no further 
addition is' necessary in order to find the total production 


costs. 

In the following table a working cost of £2-5 per ton 
HN 0 3 has been added to the power costs to give the total 
costs in the last column : — 


Protest. 


birkcland 
Eydc Arc . . 


Schonherr or 
Pauling Arc 


Gram N 
fixed bv 
1 K.w.ii. 


157 


167 


Cost of I 1 
K W year 1 

Cosl of power 
per kg. N 
fixed in 

Cost of powei 
per ten HN0 3 

Total cyst per 
ton Htf 0 3 as 
50 per cent. 

m £. 

O 

pence. 

in £. 

acid in £. 

0-904* 

1 

i' 5 -S 

1*465 

3956 

10 

! 175 

1*622 

4122 

125 

219 

2 03 

4*53 

2’0 

j 3 ‘5° 

3*245 

5745 

3 0 

! 5 25 

4‘86 

7*36 

375 

! 6-57 

6-o8 

8-58 

root 

1*643 

i *52 j 

402 

I '25 

1 2-055 

1905 

4*4°5 

2’0 

! 3*286 

3*^5 

| 5*55 

3° 

4-929 

4*57 

! 7'°7 

375 

' 6 16 

1 5*7* 

1 8-21 

! 


* At r .Notodden. 


t At Milan. 


To these figures must be added the cost of concentrating 
the weak acid from the absorption towers, which will be 
shown later to amount to about £3 per ton (40 per cent, 
acid to 97 per cent. acid)_. 
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Cyanamide. — The cost of ])roduction of cyarfamide con- 
"tairyng 20 per cent. N by the discontinuous process is 
• stated to be as follows, per lb. N fixed *— 

At Odda . . . . 275 d. 

. . In Italy . . . . z\\yi. 

Tfiese costs refer to power at £0*554 ;; nd £ r l )cr K.W. 
year, respectively. The corresponding costs of 1 ton NH 3 
in the form of cyanamidc , aie £21*14 and £18*68, re«* 
spectively. 

According to Landis the total cost of production of 
ammonia from cyanamidc, including power, steam, labour, 
repairs, interest, depreciation, etc. amounts to £4*24 per ton, 
with cyanamidc delivered at the works. The total cdst per 
ton of ammonia as such, with cyanamidc at the prices given 
above, would thus be £25*38, and £22*92, respectively. 
With a works making carbide, cyanamide and ammonia, 
the cost per ton of ammonia by the discontinuous process 
would therefore amount to about £25, assuming the low 
power costs of £0*554 (fklda) and £1 (Milan) per K.W. year, 
respectively. In most cases, however, the power costs 
would presumably be greater than these, and an estimate 
for the .cost of production of cyananyde with pov^er at 
different costs is given below. 

For the production of 1 ton cyanamide (20 per eeift>N) 

the costs will be as follows, exclusive of power : — 

•* 

£ 


0*76 ton lime at £o 75 per ton . . 

• • °‘ 57 ° 

0*50 ton anthracite at £1 per ton 

. , 0 500 

043 5 ton nitiogen at £0 933 

• . . O' |IO 

Electrodes 

O' I OO 

Labour 

. . *o 650 

General expenses . . 

•. 1140 

» 

3 * 37 ° 


w 

Power required per ton cyanamide— 0*404 K.W. year. 
With a 95-per-cent, efficiency, the weight of cyanamide for 
1 ton NH 3 will be 4*32 tons. * * 

The co^t of materials, etc., for the preparation of this, 
exclusive of power, is 4*32 x£3‘3 7 HW 55 - 
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The cc&t of conversion of ^ the cyanamide to amfhonia 
is £4*24 per ton NH 3 . 

.*. total cost of 1 ton NH 3 exclusive tit power =£1879 

The power required person NH 3 — 0-404 X472 — 1745 
K.W. year. 

’ The costs of power, With various prices per K.W j year, 


will be as follows 

£ 

£ 

£ 

» 

£ 

£ 

Power per K.W. year 

• °*554 

1*0 

2*0 

3° 

3*75 

Power cost 

. 0*967 

1*745 

3*49 

5*235 

6*55 

Cost of 1 ton NH 3 

. 19*76 

20*54 

22*28 

24*03 

25*34 

The corresponding costs for the continuous cyanamide 

process are not published ; 

they probably amount to about 

80 per cent of those 

given 

above. 

These costs would then 

be as follows : — 

£ 

L 

£ 

£ 

£ 

Power per K.W. year 

• °‘554 

1*00 

2 O 

3*o 

3*75 

Cost per 1 ton NH 3 

• 15*8 

16*40 

I7*80 

19*2 

20*25 


Serpek Process. — According to Donatli and Indra, 
the cost of 1 ton ammonia produced by the vSerpek process 
is £11 3s. 3 d. Norton states that the cost of fixation of 
nitrogen alone by the Serpek process is 2*65 d. per lb. 
The selling price of Serpek’s nitride (26 per cen,t. N) in 
France in 1911 was 3*25^. per lb. If we adopt 2*65^. 
pel fo. for 26 per cent, nitride as a minimum figure, the cost 
of i ton ammonia, still in the form of nitride , is £8*016. The 
cost of production of ammonia from the nitride is stated 
'by the same authority to be such that ammonium sulphate 
may be produced at 3*5^. per lb. This works out at 
• £8*414 per ton of ammonia, which appears to be too small. 
As the Serpek works are now shut down, it hardly seems 
worth while to make more detailed calculations. 

Ha,ber Synthetic Process.— The cost of ammonia 
produced by the Haber process is still very problematical. 
Apart from an estimated cost given by Haber, and another 
conjecfured by Maxted, both on the basis of small-scale 
' experiments, there i£ no published information on the 
subject. 



AMMONIA AND AMMONIUM SALTS wj 

Haber’s estimate is £12 10s. per ton amftionia ; 
■Maxjed has given the figurfc at £io-£i2 per ton. These 
•figures ^re undoubtedly too low ; other unpublished esti- 
mates r£ach as high as £22 per ton, but it is possible that 
£15 per ton is the minimum^probable figure as far as can 
b£ Judged by small-scale working. 

Ttfewcost of ammonia made by tl'e Haber process depenSs, 
apart from the power costs, on the prices of hydrogen and 
nitrogen. Some figures for these are given below (pre-war). 

Cost of nitrogen — 

In France, 0*09-0-45^. per lb. 

In Germany, O’ 16^. per lb. 

From small Linde Plant, 0*324^. per lb. 

Cost of hydrogen — * 

Griesheim and Bitterfeld works (from*Tvater-gas), 
6 d. per lb. 

Oerlikon (electrolytic), 4*5 d. per lb. for electric 
current alone, viz. about 6 d. per lb. hydrogen. 

German electrolytic, j‘ 2 d. per lb. 

Ditto compressed to 150 atm. ‘in cylinders, 22*4^. 

, per lb. 

Haber (estimated), 5-50^. per lb. 

The cost of materials is therefore about as follows : — 

• • * » 


14 lbs. nitrogen at 0‘25^. per lb. . . 

= - 3 ' 5 <*- 

3 lbs. hydrogen at 6 d. per lb. 

- i8‘od. 

» . 

cost of materials for 17 lbs. ammonia 

=-= 2i-5<i. 

cost of materials per ton ammonia . . 

= £h 75 


The power required is about 1*03 K.W. years per ton N 
(p. 212), hence for the fixation of 1845 lbs. N in the form of 
1 ton of ammonia, about 0-85 K.W. year w(juld be absorbed. 
At a cost of £9 per K.W. year this would bring the power 
cost to £7*65, so that the total cost of production of 1 ton 
of ammonia by the Haber process would amouniHo £11754- 
£T 65~£iq-4, which is fibout £4 in* excess of the figure of 
£15 per. ton adopted above. T^e difference is accounted 
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for by 'the' price of hydrogen adopted above, viz. 6 d. pfer lb., 
which ^probably higher than the minimum cost (Haber's 
figure of 5*5^. per lb. is probably a conservative Estimate' 
for modern plants), and the price of power, which may 
conceivably be reduced belov*£9 per K.W. year, this being 
tfye lowest pre-war price for steam- or gas-generated electric 
power in England. f ' 

By-product AiVimonia. — The figures given above may 
,be compared with those for by-product ammonia obtained 
from gas-works, coke-ovens, or blast furnaces. This am- 
monia appears almost exclusively on the market in the 
form of ammonium sulphate, and the price of this product 
has been largely regulated by that prevailing for Chili nitre. 
The average pre-war price of ammonia in the form of by- 
product sulphate, for several years, was £'55*33 per ton NH 3 
in the, form of sulphate. To arrive at the market value of 
ammonia in the form of crude liquor, certain deductions 
have to be made from this figure, viz. 3*5 per cent, of the 
price of the sulphate representing brokerage and com- 
mission for marketiiig, and £3 per ton for the cost of con- 
verting into sulphate, including the cost of acid, labour, 
and' packing. The balance then represents the value of 
the ammonia in 1 ton 25 per cent, sulphate, viz. 33*25 ton 
NH 3 in the form of crude liquor. The above figure then 
represents £41*4° P er t° n NH 3 as crude liquor, which is 
of ,the order of £40*46 per ton, obtained from the average 
price of 14s. per ton for crude 8 oz. liquol delivered. 
c The lowest pre-war market price for sulphate was £7*5 
per ton, which corresponds to £16*96 per ton NH 3 in the form 
, of crude liquor. 

The price of concentrated gas liquor (14-17 per cent. 
’NHs) was about 9s. 3 d. per 1 per cent. NH 3 , or £46*25 per 
ton NH 3 in the £prm of 16 per cent, liquor. 

Purified ammonia spirit (20-25 per cent. NH 3 ) cost about 
10s. 3 d. per 1 per cent. NH 3 per ton at the works, which 
correspond^ to £51*25 per ton NH 3 in the form of pure liquor. 

These prices, however, do not represent in ajjy way the 
real cost of by-product aipmonia, and in the case where the 
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amnfonia is utilized at the works itself, say for < 5 xidfation to 
nitric acid, the cost would be considerably less. The actual 
cost 01* recovery «*nmonia at the works, including purifica- 
tion, probably amounts to less than £10 per ton, which is 
less than that of synthetic arawnonia. The advantage to such 
works of utilizing their ammonia for oxidation is therefore 
evident. The supply of by-product ammonia is, however, 
limited, and this source alone would probably not be suf- 
ficient to produce the nitric acid required, in addition W 
the ammonium sulphate needed for various processes, such 
as the ammonia-soda process, and for agriculture. 


Cost of Production of Ammonium Sunni Aft; 
from Gas Liquor. 

(1) Direct Fired Still, old type . — 

Fuel consumption : 1 cwt. coal per ton of gas liquor 
treated. 

Lime used : 15-2^ per cent, of th,e weight of the am- 
monium sulphate obtained. 

Labour : 2 men for dealing with 10 tons of liquor per /lay. 

Capacity : 10 tons of 2 \ per cent, liquor, i.c. 07 ton of 
sulphate per day. * # , 

The apparatus is about 10 ft. high and 5 It. wide,; the 
column and lime vessel add another 5 ft. to the height. 

Cost with sulphate apparatus, £175. 


Cost of Production of i ton Ammonium Sulphate. 

1 


Sulphuric acid, 148° Tw. 

Lime (18 per cent, of sulphate obtained) 

Coal . . . . • • 

Gas liquor . . . . • 

Casks and packing 

Labour, two men at 45. per day 

Sundries, repairs, etc. 

Amortization on plant, £175, buildings £100 , 

total £275 

Interest on plant and buildings, £275, and land 
£75 ; total £350 .. ... . . 

• 


Tons. 

i\ let*. 

C 

i. 

d. 

I 06 • 

40s. 

2 

2 

• 

5 

0 i«8 

125 . ()d. 


2 

3 

°’ 7 I 5 

8 5 . 


5 

< f 

[ 4 *J 

125 . 

8 

12 

0 



8 

0 

# 


• 

1 1 

5 




b 

8 

10 

percent. # 


2 

3 

5 per cent. 


1 

5 


Total per ton sulphate ^ . . 


£12 12 2 
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(2) Feldman Still . — 7 £-8 tons of liquor per day. «- 

» 


r 

Tons. 

Price. 

£ * 

d. 

Sulphuric acid, 168 0 Tw. 

• • °'U' 


*2 19 

7 

Lime 

♦ 3 

0 

Coke 



9 

0 

Gas liquor . . . . . . 


12 S. 

8 12 

0 

Wages at 4s. 3 d. per day 


8, 

0 

Sundries 



3 

0 

Interest and amortization . ! 



. ' 5 

j 

0 

Total per ton sulphate 


. . 

£12 19 

7 


(3) Griineberg and Blum Still . — 3500 tons liquor of 
5J 0 Tw. per annum (from 35,000 tons of coal carbonized). 
Annual costs : — 


Sulphuric acid, 142 0 Tw. 

Lime . . w 
Coal 

Gas liquor, 5£* Tw. . . 

Casks and packing . . 
Sundries, repairs, etc. 

Labour, four men for 50 weeks 


total ^450 

nterest on plant, and bujldmgs, 

£100 ; total ^550 . . 

. Total for 38c 

Cost per ton sulph^e 


Tons. 

Price. 

£ 

s. 

d. 

389 


778 

0 

0 

71 

125 . 6 G. 

44 

7 

6 

•• 175 

8 s. 

70 

0 

0 

.. 3500 

I2S. 

2100 

0 

0 



155 

12 

0 



116 

M 

0 


255. 

250 

0 

0 

.£15°; 


10 per cent. 

45 

0 

0 

; land, , 


5 per cent. 

27 

10 

0 

; sulphate 

•• ^3587 

3 

6 

tlcLC 


£9 

4 

8 


r 

The cost of manufacturing ammonia solution by direct 
distillation will depend on the concentration and purity of 
thl'solution obtained. The cost of production of 1 ton of 
ammonium sulphate, £9 4 s. 8d., less the cost of sulphuric 
acid, and packing, Jeaves about £675 as the cost of ammonia 
corresponding with 1 ton sulphate, or £26 per ton ammonia. 
The cost at the' wqrks where the ammoniacal liquor is pro- 
duced is much less, since the cost .of condensing the am- 
moniacal liquor cannot be as much as 12s. per ton. The cost 
of extra purification, when pure ammonia liquor is to be 
obtained, is not very definitely known ; it probably amounts 
to about £7 'per ton of ammonia. 
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Table of Costs of Nitrogen Fixation. , 


Process. 


Birkland Eyde 
arc ♦ . . 


Schonberr and 
Pauling arcs 


Discontinuous 
cyanamide . . 


Continuous 
cyanamide . . 


Serpek . . 


Raw^oduct. 


30 per cent, 
nitric acid. 


30 per cent, 
nitric acid. 


Cyanamide, 
20 per cent. 
N. 


Cyanamide, 
20 per cent. 
N. 


Aluminfum 
nitride, 26 \ 
per cent. N.- j 


Haber 


Pure NH, 


Cost of 

Cost per 
ton N in 

Cost per 
ton NH S 

Cost per 

1 

! Cost per 

power per 

ton hN0 3 

ton HNOj 

K.W.Y., 

raw pro- 

as such, 

as 50 per 

as 97 per 

in £ 

duct, in £ 

1 

in £. 

1 

cent, acid, 

cent, acid, 


in £ 

in £ 

0-904 

17*85 

1 

3’965 ' 

6-97 

I '0 

*«*55 

1 

| 

4-122 

f \2 

125 

I 2035 

I ~~ 

4 '53 

7 53 

20 

2 5 85 

f ~ 

5745 

8'75 

3*0 

33 ’ 10 


7 3t> j 

10*36, 

375 

38-0 


8-58 , 

ii *54 

roo 

1 

: i8'i 

! _ 

4 °2 

7-02 

1 25 

1 19-8 

— 

4'4°5 

7'4i 

20 

250 

— 

5*55 1 

8'55 

30 

31-8 

— 

7 °7 ; 

1007 

375 

9 

— 

821 

1 1 ‘2 1 

°*554 

176 

, i 
197 6 

9*58 ^ 

1258 * 

10 

19 8 ! 

20 54 i 

^•85 ! 

12 - 85 * 

2 0 

21 85 j 

22*28 ! 

i°*43 i 

1 3 *43 * 

30 

2 4'°5 

24*03 1 

iroi , 

1401 * 

375 

25-6 

2 5‘34 1 

'45 j 

M' 45 * 

°*554 | 

M* r ! 

15 « 1 

8-27 1 

1 1 '27 * 

1 0 

14-8 

10-4 ! 

«'47 , 

n*47* 

2 0 ! 

Ib'5 | 

178 

8 93 i 

n‘93 * 

3 <> 1 

i 8 ‘o *1 

19-2 

9*4° i 

12*40 * 

375 

1 

20 6 j 

2° 25 

9 75 1 

1275* 

$ 

973 ' 

8-414 

5-80 | 

» 8 ’ 8 o * 


1 8*2 

I 5‘° 

4 

8 0 | 

» 

rroo * 

. : 



, 1 

• 


* With 90 per cent, overall efficiency on oxidation and absorption; 
for calculation see p. ^59. , 
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Section IX.-THE OXIDATION OF AMMONIA 

0fS 

The Oxidation of Ammonia.— It has been known since 
the time of Kuhlmann (1839) that when a mixtpie of air 
and ammonia gas is passed over heated spongy platinum, 
or certain catalytic materials, oxidation occurs, not to 
nitrogen and water, which are the chief products of the 
combustion of ammonia in oxygen, but to red fumes of 
oxides of nitrogen. Kuhlmann formulated the reaction as 
follows 

“ „ 2NH3 -+-7O - N 2 0 4 +3H0O 

Although this reaction was the basis of a well-known 
lecture experiment (cf. for instance, Mendeleeff, “ Prin- 
ciples of Chemistry," i. 283), and was known to nearly all 
chemists, it was not thought of as a technical possibility 
until about 1871, when Tessie du Motay took out a patent 
for oxidizing a mixture of air and ammonia by passing over 
eliminates, manganates, and plumbites, heated to 300 0 - 
500°, afterwards injecting steam to produce nitric acid from 
t^e dxides 01 nitrogen. The first impetus to recent technical 
applications was given by the experiments of Ostwald and 
Brauer, begun in 1900 and leading to the patents of 1902. 
For this reason, the process for the catalytic oxidation of 
ammonia is often called the Ostwald process, although, as 
has just been stated, a patent for ammonia oxidation was 
taken out as early' as 1871, and the German patents were 
not granted tb Ostwald on account of the previous work 
of Kuhlmann. Ostwald and Brauer found that the yield of 
oxides of nitrogen in Kuhlmann’s experiment as usually 
performed was 'poor ; most of the ammonia is burnt directly 
to nitrogen and steam. Ostwald had, just about that time, 
formulated the Taw of Successive Reactions, according to 
which a system of reacting substances does not pass over 
directly into the most stable system of products, but into 
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the i^ext less stable, or the least stable of all tjie possible 0 
.states. Thus, when chlorine is passed into caustic soda 
solution the reaction is not the formation of sodiufli chloride 
and oxygen, which are the ultimately stable products, but 
instead the various oxy-compounds NaClO, NaC 10 3 , NaC 10 4 
ate. produced under various conditions. All these are 
unstable under their conditions of forma; ion. Now it* is 
known (<?f. p. 59) that a chemical reaction is always accom- 
panied, when it occurs spontaneously, by a fall in the avail-* 
able energy of the system, and the law just formulated i? 
therefore equivalent to the statement that the available 
energy of a system undergoing chemical change does not 
at once fall to its lowest level, but does so in stages somewhat 
as the potential energy of a ball rolling down a staircase drops 
in stages, and the ball may even require an hupulse at 
each step to carry it to the next one. There is theiefore, 
a certain reluctance to proceed to dissipation of energy, 
although the latter is inexorably demanded by the second 
law of thermodynamics for every material change ; seen 
in this light the law .of successive reactions bears some 
relation to the Principle of beast Action of be Chatelicr 
(see Partington, “ Thermodynamics," p. 404). The forma- 
tion of oxides of nitrogen in the oxidation of ammonia 
must be regarded as an unstable intermediate jmase the 
reaction, and it occurred to Ostwald that if these oxides 
could be removed very rapidly from the sphere of chemical 
activity of the catajyst, so that the time of contact is # vePy 
small, they might be preserved from further decomposition. » 
This in fact was found to be the case when the time of contact 
did not exceed i/iooth of a second. * The intermediate 
product— 

2NH,->2NO->N 2 

in the series of reactions — s 

(i) 4NH3 -f 50 2 =4^ T 0+bH 2 0 

(ii) 4NO=2N 2 f~20 2 

(iii) 6N 0 4NII 3 = 6H 2 0 + 5 N 2 
was thus isdlated. 
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At the temperature of oxidation the only oxide of nitrogen 
vhich could exist is nitric oxfde, NO, and the gases from, 
he hot catalyst are in fact colourless., and only ,become^ 
ed on cooling down to about 200 °. Equation (i) above, 
herefore, expresses the primary reaction in the oxidation 
)f ammonia. 

But nitric oxide is unstable below a certain temperature, 
md tends to split up into oxygen and nitrogen. The velocity 
)f decomposition is very much accelerated by rise of tempe- 
ature (see p. 165) ; below a temperature of about 1200° 
t is so slow that NO is practically stable. Hence the NO 
produced in the oxidation must be removed quickly from 
;he catalyst and cooled. 

a result of Ostwald and Brauer’s work, a small factory 
vas erected at Oertlie, near Bochum in Westphalia, for the 
oxidation of coal-tar ammonia, with a monthly production 
)f 130 tons of ammonium nitrate. The Ostwald patents 
yvere then taken over and exploited by the Nitrogen Products 
md Carbide Co., who have erected works in Belgium 
and France, and On England at •Dagenham Dock, on 
the Ostwald principle. Recently many new develop- 
ments of the process have been made, and these will be 
described, together with the* old process worked by the 
!S[itr6gen Products* Co., which might be called thP Ostwald 
process. 

It has been suggested (Mendeleeff, " Principles of Chem- 
istry,” i. chap. 6) that the oxidatioiv of ammonia takes 
place by successive hydroxy lat ion and splitting off of 
water : 

(1) 2NH 3 +0 2 =NH 2 (0H)+H 2 0 > hydroxylamine. 

(2) 2NH 2 0H-f0 2 — NH(OH) 2 -rHoO,dihydroxyammonia. 

( 3 ) 2NH(0H) 2 +0 2 = 2N(0H) 3 -^-H 2 0, orthonitrous acid. 

(4) 2N(0H) 3 =N 2 0 3 +3H 2 0, nitrous anhydride. 

(5) 2N 2 0 3 ^4N0+0 2 . 

The oxidation part of the series of reactions stops at 
the stage <vhere N 2 0 3 is produced, and on this hypothesis 
it would appear probable that the best yield would be got 
when the air and ammonia were mixed in the" proportions 
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to fcorm N 2 0 3 . Although these proportions are in'fact very 
suitable, no very marked difference in the yieljl is noticed 
ev£n if the proportions of air and ammonia are varied within 
fairlytwide limits, provided more than enough air is added 
to form NO. In actual working the result depends on the 
•rate of passage of the gas through the catalyst ; for 
relatively slow flow rates (o*of sec. contact) the results 
are better, as Ostwald discovered, .vith sufficient air to 
form NOo, but with higher How rates (cooi sec. contqft, 
and less) the proportions for N 2 0 : , appear to be most suit- 
able, although the yield is practically the same even if more 
air is added. 

From the equation 4NH3 T5O0--.4NO -|-C)II 2 0 the 
following proportions follow : — * 

For NO : 1 vol. ammonia [ 6*25 vols. air ' 

For N 2 0 ;j i vol. ammonia -f-7’5 vols. air ;• 

For NO* : l vol. ammonia f-875 vols. air 
For N 2 0 6 1 1 vol. ammonia -f io’o vols. air. 

Besides platinum,* many other substances can be used ns 
catalytic materials, but the process must then be conducted 
at higher temperatures. Other catalysts are metallic oxides, 
especially mixtures, such as a mixture of oxicje^ of iron, 
cerium,* and bismuth; or oxy-salts such as plumbitea or 
plumbates of calcium, zinc or magnesium The catojysts 
appear to act as carriers of oxygen in a cyclic action, tyung 
themselves alternately oxidized and reduced ' — 

(1) RO m +nO~RO w+n (with metals, c.». plajrinum, m=oJ; 

(2) 5 RO m+ „ 1 - 6 «H 2 0 . 

From a consideration of the equilibrium data of the* 
reactions : — 

( 1 ) 1J*+3H 2 ?2NH s 

(2) n,+0 2 $2X0 

(3) 2H 2 +0 2 $2H 2 () 

it is possible to deduce the value of the equilibrium constant 
for the reaction — 


4 NH 3 + 5 0 2 $ 4 ^ 0 + 6 H 2 0 
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which is* assumed to be reversible in the presence off the 
catalyst ; [or if— ^ 


then 


r ^ [NHJ 2 
1 [NJLH 2 ]3 


k 2 - = 

Ivr. 


K~ 


[NO ] 2 « 

I.N 2 j f(.)o i 
{HoO] 2 
[H 2 J 2 [0 2 ] 
[NO]4[H 2 ()'|« 
[NH 3 ] 4 [0 2 ] 6 i 


K 2 2 . K 3 3 


If therefore the values of K r , K 2 , and K 3 are known for 
any temperature, the value of K, the equilibrium constant 
of the,ammonia oxidation, is also known for that tempe- 
rature. ~ 

The values of K lf K 2 , K 3 for all temperatures are, how- 
ever, given approximately by the equations — 


log log 12-268 

P n , • r h 2 1 


P 2 


( )45° 

T 


* ■" * P 1I 2 • A> 2 * 4 

Hence log K'--=2 log K 2 '-| j log K 3 '— 2 log K/ 

__ 2 x (—9450) -1-3 x 24910-2 X 5775 
~ T 

+ 4 -1-3*6 ■ +24-536 

••• log k'-Hj 80 +32-14 


It follows that, even for very large values of T, the 
, expression log K' has considerable positive values. The 
equilibrium 

" 4 NH 3 +50 2 ^4N0+6H 2 0 

if attained, will be in the sense that the substances 
on the* right of the equation are practically completely 
formed from the initiaj substances, at all temperatures, i.e. 
the reaction is practically quantitative at all temperatures. 
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similar result follows from an application of Neinst ’3 
theorem (p. 41). f { 

lb appeals, therefore, that so far as equilibrium goes, 
the oxidation of ammonia is ])raetically complete (100 per 
cent.) at all attainable temperatures, it is. in feet, a result 
*oT experiment that the yield is very little influenced h\ the 
temperature up to a certain point, but it begins to fall 
off at very high temperatures (above iooo° C.). This 
falling off is, however, most probably due to the decqpi- 
position of the unstable XO, which becomes appreciable 
above 1200° C. (cf. p. 1O5). 

It has been shown that the oxidation commences, with 
platinum as a catalvst, at a dull red heat (550'’ C.), and 
proceeds rapidly and practically completely at about*()50° C. 
There is no point in going to higher temperatures, such as 
8oo° (which has been advocated) ; in fact, the yield, falls off 
slightly at high temperatures. The yield is practically 
100 per cent. 111 laboratory experiments. 

The reaction goes equally well with dried or moist gases ; 
the presence of moist hre appears to be 1 ' slightly beneficial. 

# The conversion of XO to X() 2 , and the absorption of 
N0 2 in water to produce nitric acid, take place as described 
in connection with the arc process (p. ib6). _ , « # 

Apparatus for the Oxidation of Ammonia. —The 
oxidation of ammonia on a technical scale depends the 
solution of the following four problems 

(1) The prodift'tion of a supply ot ammonia gas' of the 

requisite purity, either alone or mixed with air. * 

(2) The preparation of a mixture, of ammonia and air 

in the proper proportions lor oxidjuion. 

(3) The conversion of this mixture into oxides of nitrogen 

by passing over a suitable catalyst. 

(4) The absorption of the oxides of nitrogen to produce 

nitric acid. 

If strong nitric acid is to be produced from, the 50-60 per 
cent, tower acid obtained in (4), the problem* of the 
concentration of nitric* acid must be added. This will be 
treated .generally later on. 
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1 Of these* problems, the first three are comparatively 
simple. Tl‘<e preparation and purification of ammopda 
from by-product ammonia is well knownrfin this country, 
and the preparation of ammonia by the cyanamide process 
has also been worked out successfully in England, on the 
Continent, and in America. The synthetic ammonia from 
the Haber process is, it is true, not known outside Germany, 
but the other two Sources just mentioned will provide 
sufficient ammonia for some time to come. The oxidation 
of ammonia can, as a result of recent work, be carried out 
very simply with an efficiency approaching 100 per cent. 
But the production of nitric acid from the oxides of nitrogen 
is a problem which cannot yet be said to have a satisfactory 
solution. The absorption in water towers, described on 
p. 166, is a process which presents no great difficulty, although 
the theory has been only incompletely made out. The 
towers are so cumbrous and costly that they can be regarded 
only as a tentative solution of the problem. At the same 
time, this side of the question should not be unduly exag- 
gerated. The tower* space required' is not large when 
compared with the lead-chamber capacity of the sulphuric 
acid plants, yet one never hears objections from the users 
of sucl} cfi oinh ors, wjio may be dissatisfied with the tower 
space required in ammonia oxidation plant. Another fact 
whiolf should be kept in mind is that the towers already 
laic^.down for this purpose are often unduly large and ex- 
pensive, on account of faulty design. "Various attempts 
Have been made to dispense with water absorption, but the 
fact that a certain amount of reaction space must always be 
allowed for the reaction — 

• 2 N 0 + 0 2 = 2 N 0 2 

# which is fairly slow with dilute gases, must not be over- 
looked.* v 

The different stages in the oxidation process will now 
be considered: in more detail. 

Preparation of the Ammonia.— There has been some 
dispute as to the most 'suitable soifrce of the ammonia for 
oxidation. The producers 1 of cyanamide have supplied the 
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information that gas-works or by-product ammonia is un- , 
.suitable, on account of the feadiness with which platinum 
becoVhes inactive, ^>r is “poisoned/’ by the sulphur com- 
pounds.* It is true that ammonia purified from sulphur is 
necessary for the process, but such purification is an every- 
day operation in the manufacture of ammonia, and 110 
special w purification is required, beyond perhaps washing 
the gas Vitli caustic soda solution. Cyanogen, which is 
usually a powerful poison for platinum when the latter is. 
used as a catalyst, as well as hydrocyanic acid, are readil$ 
oxidized to NO by platinum an observation made in 1839 
by Kuhliiiann, and recently confirmed by Moldenluiuer and 
„ Wehrem (Zcii. angew. Chan., 1914, 29, 334)-- 
C 2 N 2 +30 2 ^N()4 2CO0 

The organic bases such as pyridine and pyrrfll, which are 
present in by-product ammonia, are removed by gashing 
with oil, and if present in traces would probably not be 
injurious. Thiophene should be removed, if possible, but is 
not known to exert any bad effect. Of lar greater influence 
is the presence of dust, especially oxide of iron, in the air 
or ^ases supplied to the eatalyser, as the platinum then 
rapidly loses its activity. 0 

The apparatus tor the pfoduction of ammonia <^is from 
gas liquor is similar to that already described. The crude 
liquor is mixed in an iron tank with milk of lime, ami is 
then forced by pumps to the top of a dcphlegmatiug column 
or ammonia still, wTiere it is met by low-pressure steam "blown 
in at the bottom. Ammonia gas is expelled, ajul if the tojf 
of the column is kept cool by water, tjie gas escapes fairly 
dry. Moisture has no influence on the oxidation process.. 
The gas is passed through two water coolers to remove 
excess of moisture, and then through 25 per cent, caustic* 
soda to remove sulphuretted hydrogen, phenol, etc. The 
gas should then be washed with heavy oil to remove organic 
bases, and is then stored over water covered with a layer of 
oil in a small gasholder, which serves as a balancer.® Joints 
may be m^de with red-lead and oil. , 

In practice it is better to start with a 25-per-cent. 
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ammorfia liquor prepared in the ordinary way, with purifica- 
tion, as t^ie dephlegmator becomes choked with lime when 
gas liquor is used directly. The liquor^is stnt dij^ctly to, 
the column, and treated with steam. The liquor 'may be 
stored in a tank on the ground, and forced up to a smaller 
tank 35 ft. above ground, which is connected by an iton 
pipe to the column ; liquor then flows to the lajtfer by 
gravity, and there is no loss. The soda washers need not 

* be used with purified liquor. 

Instead of driving off pure ammonia gas as described, 
which is afterwards mixed with the requisite volume of 
air (filtered through slag-wool after water-scrubbing to 
remove dust), the air may be blown through the ammonia 
colunpr, and with a constant feed of liquor of known strength 
a mixture <5f air and ammonia of any desiied composition 
may thus be made with some economy of steam. 

In the larger cyanamide works, the ammonia is purified 
from phosphine, silicon hydride, and acetylene (all of which 
act much more injuriously on platinum than the traces of sul- 
phur in purified gasnvorks ammonia) by washing with strong 
caustic soda solution. The gas is then stored in a balancing 
gasholder as described, and passed to a mixing pipe. The 
mixing x at) par a t us for any type Gf plant may be quite simple ; 
the air and ammonia are measured with orifice meters, the 
ong*for ammonia being lined with vulcanite, and the gases 
are then led to a small box made of aluminium, with one or 

i * 

two baffles. 

* If synthetic ammonia from the Haber process were used 
it could, after liltva^on, be sent direct to the mixer, as it 

, should already be quite pure. 

The essential points in the design of an ammonia pro- 

* during plant are — 

(1) It should work uniformly and with little attention, 

and should not be liable to stoppage. 

(2) It should be economical in steam consumption. 

* This depends on the proper regulation of the 

temperature ip the different parts of the column — 
hot below and caol above. 
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(3) It should deliver ammonia at a definite rate, or a , 
mixture of air and ammonia at a con jt ant rate 

* . ^ and Composition if the second type is used. 

All •piping after the lilteis should be ol aluminium, 
stoneware, or glass, not irqp or metal from which small 
particles of oxide are removed, which would poison the 
plat buy 11. 

The^Oxidation Apparatus: the Converter.- The ap- 
paratus in which the oxidation occurs, called the converter? 
varies with the system used. Since no details of any con- 
verter using catalysts other than platinum are available, 



Fig. 56. —Ostwald Ammonia Oxidation ApparatusJElevat iyn). 

A, supply pipe for air and ammonia ; B, outer enamelled iion jacket ; 
C, catalyst; D, nickel tube; F, aluminium main to absoiy'ion 
system. ' 

the description wlil be confined to the platinum catalyst 
converters. Of these three types are in use — u 1 

(1) The original type of Ostwald and Brauer, with pre- 

heating of the mixture of air and ammonia. 

(2) The electrically heated single platinum gauze type, 

of Frank and £aro. 

(3) The Kaiser type, with predicated air and multiple 

platinum gauzes. 

(1) The Ostwald- Brauer Converter .— This type of con- 
verter (Fig. 56) has been mainly exploited by the Nitrogen 
Products Co., and consists of a nickel tube, D, about 8 ft. 
long and 2 in. in diameter, surmounted by about 50 grams 
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of platinum, C, in the form of a roll of foil, about 2 cm. f wide, 
and surrounded by an outer tube, B, of enamelled iron .with - 
an inlet for the air and ammonia mixture at the^pftom^ 
A large number of these converters are connected f(usually 
30 in a battery) through the ^bottom of the nickel tubes, 
with a trunk main, F, of aluminium (Fig. 57), passing to Hie 
absorption towers. The* reaction is started by playing a 
hydrogen flame over the platinum, and then proceeds with- 
out further heating, since the hot gases, composed of oxides 
ot nitrogen and steam, from the catalyst pass down the 
nickel tube on the inside and heat the mixture of air and 
ammonia passing up over the outer surface of the nickel 




Fig. 57. — Ostwald Ammonia Oxidation Apparatus (Plan). #> 

« 

• 

on its < i&the platinum. The output of such a unit is 
stated to be 30 tons of HN 0 3 per annum. The efficiency 
claimed is 98 per cent., although this appears to be based 
on, the experiments of Ostwald and Brauer, and the yields 
in actual works using this type of converter have probably 
hever attained this figure. The output per unit is small, 
and the method of preheating the gas limits the composi- 
tion of the mixture to about 9 per cent, of ammonia by 
volume. With richer mixtures the platinum gets too hot, 
*and with weaker mixtures the lit at interchange is not 
sufficient to pronjote the oxidation. The nickel is expensive, 
and not easy to obtain in the form of solid-drawn tubes, 
but no other, metal can be used at the temperature of 6oo°- 
8oo° attained in the converter. A very good quality of 
chemical enamel is required for thedining of the puter tube. 
This old system, which is still used by the Nitrogen Products 
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Co., I1D6 therefore many disadvantages. The most serious 
defects are the difficulty of regulating the temperature, the 
use oAiit^el, tl!e la^ge (piantity of platinum required com- 
pared with modern apparatus, and the small output of each 
unit. # 

The Trank and Caro Converter . — In this type (Fi^. 
58) the* catalyst is a single layer of line pi 'tinum gauze, D, 
woven of wire 0 065 mm. diameter wth 80 rectangular 
meshes to the linear inch. This is supported between silver 
leads, and is heated electrically to about 650 \ The gauze 



Fig *58 — Frank and Caro Ammonia uxuiauon Apparatus. 

A, fan ; B, mixer for air and ammonia ; C, converter base ; D, e lexi- 
cally heated platinum gauze catalyst; K, converter hood , I\ main 
for oxides of nitrogen 


is rectangular in shape, 4° cm. by 60 cm., and supported 
in an aluminium frame, surmounted «by an aluminium 
cone, E, with a mica inspection window, ancj a bent tube, 
also of aluminium, above for carrying off the gas produced 
by oxidation. Underneath the catalyst is an aluminium 
box, C, \yith baffles to promote uniform fiov^ of the ai; and 
ammonia mixture passing to the gauze. The lower box is 
water cooled. The unit is said to be capable of oxidizing 
80 kg. ammonia per 24 hours, i.e. 300 grams per sq. dn. per 
24 hours. The weight o£ the platinum is about 90 grams, 
so that the output per gram of platinum is much larger 
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than with the old Ostwald type. The efficiency is given as 
90-92 j^er cent. The apparatus is made by the Bamag 
firm in Germany, who state that they^havt 1 supgJieJ more 
than 30 such plants for the oxidation of 12,000,000 kg. 
ammonia per annum, and had additional plants under 
construction in 1916 for the oxidation of 17,000,000" -kg. 
ammonia. ‘ r *• 

A similar type* of apparatus has been specified in the 
* patents of the American Cyanamide Co., but the platinum 
net used is 2 sq. ft. instead of 3 sq. ft. as in the Frank and 
Caro type. It is probable that a still more convenient unit 
would be 1 sq. ft. of net. 

A small converter for supplying oxides of nitrogen to 
vitriol chambers has been described by Schiiphaus (see 
below) . * 

(3) The Kaiser Converter . — Dr. Kaiser, of Spandau, 
introduced in 1910 several modifications in the platinum 
converter for the oxidation of ammonia. These had their 
origin in a very dubious theory advocated by Kaiser, to 
the effect that if folic air were preheated to about 300 °, or 
exposed to a spark discharge, before mixing it with the 
anvnonia, the atmospheric nitrogen became in some way 
“ activated," so that when the oxidation of the ammonia 
qccurred oiTthe platinum catalyst, not only waS the am- 
rngjiia practically all converted into oxides of nitrogen, 
but also a considerable amount of the atmospheric nitrogen 
was oxidized at the same time, so that* the efficiency some- 
times reached over 200 per cent., and could usually be about 
120 per cent. There is very little doubt that this claim to 
“ autoxidatiou ” of atmospheric nitrogen was based on 
faulty analytical, methods, because no subsequent workers 
who have made use of methods beyond suspicion have been 
able to discover any trace of autoxidation. At the same 
time,* Kaiser’s* plant presented several novel ‘features, 
which have been the basis of the modern apparatus for 
ammonia oxidation. 

In Kaiser’s original apparatus pig. 59), several platinum 
gauzes, D, were used, placed close together across a tube, A, 
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and th$ air was preheated separately in a cok^e-furnace 
to 3oq°, before mixing with triie ammonia 50 cm. jn front 
of the\£^alyst. % Fqur nets of platinum or platinum-iridium 
wire, o’of* mm. diameter, having 80 meshes to the linear 
inch, were used, placed together in a total thickness of 
o* 5^’6 mm. across a silica tube of not less than 10 cm. 
diameter. The gas velocity was 1 metre per second, giving 
a time of contact with the catalyst of oply o'ooob sec. In 
this way, by preheating 
the air, using several 
catalytic gauzes very 
close together, and with a 
a very high flow rate, 

Kaiser claimed to obtain 
much better results than 
had been previously Fic, 59 — Kaisei Ammonia Oxidation 

found, viz. a maximum Apparatus. 

output of 1370-1825 kg. A, tube; B, ammonia supply pipe; C, 
‘ , diaphragm; D, platinum nets; T, 

HNO3 per sq. ft. ol thermometer. 

catalyst ])er 24 hours. 

The actual yield appeared to be about 480 kg., but this 
has doubtless been improved. 

. Modern Converters, „ 

In the subsequent improvements of the converter the 
following details have been found important : - 

(1) The use of two or more platinum gauzes, separated 

by a small interval, the lower one being electrically 
heated to about 8oo°. 

(2) The use of a regulated amount oT preheating of the 

gases passing to the converter (not pre-cooling, 
as has been recommended). 

(3) A rapid flow of gas through the catalyst. 

There is some evidence to show that a suitable converter 
unit should have a sectional area of 1 sq. ft., although both 
larger and smaller units have been employed. ‘One sq. ft. 
of catalyst should produce about 1-17 tons HN 0 3 (reckoned 
as 100 per cent.) per 24 hours. 




2^8 1 ALKALI INDUSTRY 

TJhe .Supply of Oxides of Nitrogen to Vitriol ^Cham- 
bers. — -The use of oxides oi nitrogen to supply sulphuric 
acid chambers instead of nitre has already been successfully 
introduced in England, and the necessary apparatus lias 
been more or less standardized. In this way a considerable 
saving of nitre can be brought about, as by no meant/ in- 
considerable quantities of oxides of nitrogen have to b 
supplied to make # up losses in the chamber process. Th 
exact amount varies considerably with the type of plan 
used (cf. p. 34), and also with local practice. The sourc 
of the loss is generally believed to be reduction to N 2 0 , 0 
even N 2 in the chamber process (cf. p. 34), but it is mor 
probable that a large part is due to reduction of HNO 
and S 0 2 ( 0 H)(N 0 2 ) to NO by the coke packing generally 
used in tfce Gay Lussac towers. In more modern plant 
this packing is replaced by bunge-Rohrmann plates, 0 
rings', or other more suitable inert packing. The tota 
quantity of nitre (in the form of oxides of nitrogen) whicl 
must be kept circulating in the system for efficient workinj 
is much larger tli^n that supplied to make up for losses 
hence, in starting a chamber plant a sufficiently larg 
excess of oxides of nitrogen must be intioduced. * Tin 
amount of total circulating ljitre has been variously state< 
from ^-25 pei cenh. of the sulphur burnt per 24 horns. Abou 
10 parts is apparently the normal working with larg 
cfiamber space ; with very good chambers 9 per cent, is 
sufficient ; with smaller chamber sp^ce 15-20 per cent. ; 
and with “ intensive ” working 25 per cent., of the sulphur 
burnt may* be u?ed. 

The extraordinary variations in practice, as to the supply 
of nitre to make up for loss, are shown in the following 
table, all the figures in which refer to a single district 
(Widnes). It is evident that the* question of nitre supply 
is dealt with cpiite empirically, and there is every reason 
to believe that usually more nitre is used than is really 
necessary. 4 About 2 per cent, on the sulphur burnt has 
been successfully used. 
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Cu. ft. chamber 


Capacity of Gay 

Cotafa. idity of 

Pyrites burnt 

space per lb. 

Percent age nitre 

Lussac in cu. ft. 

waste jiases as 

per wefck in tons. 

S burnt per 

on 3 burnt. 

per ton pyrites 

gfams S 0 3 per 

* N 

^24 hours. 


burnt per week. 

<u. it. 

• 

52 

21 0 
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~ 
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0 87 
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60 
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; U 7 
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70 
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The Absorption Towers. --When one constituent of a 
mixture of gases is to be separated by dissolving it in a 
liquid in which it is more soluble than the remaining eon 
stituents, the operation is conducted in the laboratory 
by means of wash-bottles, or absorption bulbs, in which 
the gaseous mixture is bubbled through the liquid solvent. 
Occasionally, when a .sparingly soluble gas is to be removed, 
a vertical tube tilled with pieces of pumice or glass beads 
is used, the liquid being dropped down the tube and the' 
gas passed upwards. This last ari'angeiiient kfr the 
additional advantages that the process may be made, con- 
tinuous, fresh liquid being continually brought in contact 
with the gas, and •that it operates on the countei -current 
principle, the fresh solvent being brought in contact with 
the nearly spent gas passing upwards from tiie lower part 
of the tube, and the more or less concentrated solution in # 
the lower part of the tube meeting the richer gas entering 
there. In this way tw*o results are achieved which are not* 
attainable with the wash-bottle — 

(i) The last traces of the soluble gas arte removed, since 
these are taken up by the fresh solvent, in which 
the rate of solution is rapid— the rafe of solution 
being approximately proportional to the difference 
between the concentration of the solution used to 
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■* dissolve the gaseous solute, and the concentration 
of the solution saturated under the given partial 
pressure of the gas (cf. p. 68). ,, ^ 

(2) The concentration of the liquid solution js thac 
corresponding with the partial pressure of the 
solute in the original gaseous mixture, and 1 is 
therefore the maximum attainable. The velocity 
of solutioq is also greater the richer the &as phase 
is in the soluble constituent. 

Two cases may arise when a gas is dissolved in a liquid 
solvent, in the manner described — 

(i) The gas passes into solution, and any chemical 

interaction between the gas dissolved and the 
solvent does not give rise to the emission of another, 
less soluble, gas ; c.g. the solution of sulphur 
dioxide, carbon dioxide, and hydrogen chloride 
in water. 

(ii) The chemical interaction between the dissolved gas 

and the solvent produces another, less soluble, 
gas, which, at a given concentration, is emitted 
from the solution ; c.g. the solution of nitrogen 
dioxide in water, when nitric oxide is given off — 

3 N 0 2 +H 2 0 =iHN 0 3 + N( ) 

On the large scale, the apparatus used for the absorption 
of gases is a modification of the laboratory column filled 
with beads, down which a liquid trickles, and is called a 
dower. Examples of such towers have already been met 
with in the Gay Lussac and Glover towers (the latter, 
however, having a more complicated function than simple 
absorption), and the Gossage towers for the absorption 
1 of hydrochloric acid. 

The absorption tower, when complete, will consist of 
three parts — 1 

(1) The tower itself, consisting of a cylindrical structure, 
with inlets and outlets for gas at the bottom and 
top, respectively, and inlets and outlets for liquid 
at the top and bottom, respectively. 
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(2) The packing, which replaces the glass bead$ in the 
laboratory appai atys. 

(•^1 The arrangement for circulating the liquid through 
' ' the to wet (in ease saturation is not attained by 

a single passage) called the h/(. 

• ,The necessity for ciieuhfting the li(]iiid is caused by 
two factors --first, the huge vol line e liquid which* is 
requirefl«to wet the packing in the tower, and is theiefore 
in excess of that requned for the volume of gas passing, 
during the descent ol the liquid in the tower ; and, second, 
the possibly slow rate oi solution of the gas in the liquid. 
It may be necessary, as is indicated by the two principles 
of tower design, \ 1/ the removal ol as much of the soluble 
gas as possible, and t lie necessity of obtaining a con- 
centrated solution, to pass Ihe gas through several tbwers, 
the last being fed with pure solvent, the next to the last 
with the solution’ll 0111 the base ol the last tower, and* so on. 
These towers arc leally equivalent to a \crv tall single 
tower, with the last toner forming the top section, and the 
first tower the bottom section. Another plan is to cii dilate 
the liquid in each tower separately, but to add fresh solvent 
in addition to the /top of the last tower. An equivalent 
bulk of solution is diav.u ojj from the base ol this tower 
and added at the top to the liquid cireulatng in tin# next 
forward tower, the same volume being taken trom tne 
base of this lower and passed to the top of the next. 
The concentrated solution is finally run off at the sai*ie 
rate from the bottom of the first tower. It may happen 
on account of temperature differences, that tne stronges 
solution does not issue from the first tower, but from th< 
second tower in the series ; for instance, the first towe 
may act as a cooler, and the cooled gas is then absorbec 
to the maximum strength in the second tower. The firs' 
tower may also be used for purification or # to remove dust 
The two methods of tower circulation just described 111a) 
be called the continuous and the progressive method* 
respectively. Another method is to withdraw a portior 
of liquid from the base of each tower,* but this is rarely used 


B. 
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The main features of each part of the tower system may 
now be considered in more detail (Fig. 60). 

(i) The tower . — This is built up of suitable mai .rials 
and dimensions, these being determined by three con- 
siderations 

(i) Mechanical . — The tovrer 
must be sufficiently strongly 
built to stand the " crushing 
weight of the upper part ; it 
must be as tall as possible to 
give sufficient contact ; it must 
not be too wide on account of 
the difficulty of obtaining uni- 
form wetting of the packing, nor 
too narrow, when the gas would 
pass through with too high a 
velocity and would not remain 
long enough in contact with the 
liquid ; and lastly, it must not 
allow either liquid or gas to leak 
out.' : The materials of which the 
tower is constructed may be 
brinks, stoneware pipes, or stone 
slabs. Acid-resisting metal may 
also be used, but not much is 
known of the properties of such 
material ovgr long periods. If 
the tower is large, it should be 
built on foundations of reinforced 
concrete ; if relatively small, on 
a brickwork pier, covered with 
pitch if the tower is to be used 
for the absorption of acids. 
Tall towers, especially if built of pipes, should have 
a supporting w'oodcn framework or scaffolding. Very 
heavy pipe sections should be supported separately. The 
lowest' part of the tow r er, which consists of a saucer, should 
be made especially stiong, as it supports the whole of the 



Fig. 6o. — A bsorption Tower. 

A, saucer ; B, bottom section ) 

C, C, C, intermediate sections ; 

D, cover ; E, distributing 
plate. 
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uppei part of the tower. If the tower is built of • bricks, 

, these should be specially shaped so that the joints slope 
downwards inU) the tower, and liquid will, therefore, always 
lun back wherever it percolates to the outer wall. Such 
bricks are made tor the plumose it built of stone slabs, 
those should be tilled up anu the joints sealed with putty, 
composed of china clay and boiled tai if foi hydrochloric 
acid, anfl one of the special lutes de^uibed on p. 148, if 
for nitric acid, or else sealed with a mixture ot asbestos# 
powder and fibre and wate r glass The slabs are bounfi 
with iron bands clamped with bolts Stoneware pipes have 
the junctions luted by letting the spigot of each pipe rest 
in the socket of the lowei one, then packing the space 
between with asbestos rope, which is then coveted with 
lute. Pipe towels are hardly suitable beyond«a diameter 
of 3 2 ~4 ft. and a height ol Jo it., although largei sizes may 
be used if the crushing weight is taken off the lower sections 
by scaffolding supports, and the saucer is embedded in 
concrete. Tlieie is no such limit to the height of brick 
or stone towers ; these mav be built up to 12 ft. diameter 
and 60 ft. high The diameter is usually about one-fifth 
of the height Tn sonw eases rectangular towers have been 
built, but the circular section is much to be prefeired on 
account (Jf the more unilorm gas Hove 4 * 

(ii) Thermal . — It ; s oiten necessary to maintain the 
contents of the towvr at a given temperatme. II heat is 
given out in the reaction proceeding in the tou'er, the in- 
flowing gas and water (or other solvent) may have to be 
cooled ; the rest of the heat is dissipated Tom the surface 
of the tow r er by radiation and convection, arriving at the 
surface by conduction through the w r alls. AH these factors 
may be controlled by well-known calculations, although 
this part of tow r er design lias had little attention. Special 
arrangements may be introduced for lowering the tempe- 
rature in the tower, as with the Cogsw’ell coolers in the 
Solvay tower (p. 87). 

(iii) Chemical . — The materials of the tower must not 
be attacked by the gas 'or liquid. f Ordinary bricks wall 
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hardly, ever be suitable, acid-resisting blue bricks from 
North Vales, or acid-resisting flocks (p. in), set in silicate 
mortar composed of ground fireclay, asbestos, and^water 
glass, may be used. If stone is used, it should be granite 
if for nitric acid, or Yorkshire flag boiled in tar for hydro- 
chloric acid. Another chemical factor is the free space 
required in the tower if gas reaction goes on inside. ^ Thus, 
in the absorption ofjpxides of nitrogen, nitric oxide ifo evolved, 

' w hich has to be reoxidized by the excess of oxygen present, 
hnd then reabsorbed, and so on : — 

3 N 0 2 + H 2 0 = 2 HN 0 3 -I- NO 
2 N 0 + 0 2 = 2 N 0 2 

The second reaction requires time for its completion. 
In a 10-per-cent. mixture of N() 2 and air (by volume), 2 \ 
minutes’ contact in the towers should be allowed, and with 
10,000 cu. ft. of gas passing through the towers per hour, the 
capacity of the towers will have to be at least 350 cu. ft. 
The free space, to which this calculation refers, is the portion 
of the tower not occupied by packing ; flic latter may take 
up from 10 to 80 per cent, of the space inside the tower, 
according to the type of packing used. With a packing 
taking up 20 per cent, of the tower space, the capacity of 
the powers, for the above example, will therefore have 
\o be 350 x 100 -f&o — 435 cu. ft. If the tower§ are con- 
structed of stoneware pipes 3J ft. in diameter, a total 
length of 435v-(r75) 2 X3*i7=45 ft. is required. This 
could be built up of four towers, each 11 ft. in height, as this 
height can be made up of three lengths of 3-ft. pipe, together 
with the cover and saucer. A certain amount of space is 
provided by the connecting pipes between the towers, 
which may vary from 4 in. diameter for i-ft. towers to 
15 in. diameter for 3 i-ft. towers^ It is better to leave 
this extra space as a margin of safety, and design the towers 
alone to have the required space. 0 

The intermediate sections are of plain pipe, the lowest 
section has a gas inlet pipe, and the saucer has two outlets 
for liquid, one being usually fitted with a ground-in stone- 
ware stopcock and the t other with a ground plug or the 
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outlet? for the Pohle lift. The cover of the tower lias an 
"outU-t for gas at one side, and an inlet for liquiu in the 
centre.* Gt usifally*also has a glass window' for inspection. 
Below the cover, resting 011 the lip of the top section of pipe, 
is. a distributing plate, for spreading the liquid fed into 
the tow r er over the packing. This is a str ueware plate with 
perforations and ribs, as show n in Fig. 61. 



(2) The Packing . — This may consist of various materials. 
If the tow r er reaction is of the first type, viz simple absorp- 
tion, a packing offering the maximum Surface is used, such 
as coke for hydrochloiic acid or for the Gay Lussac tow r er 
in the chamber process. This should be Hard metallurgical 
coke with no pieces passing through a 3-in. sieve, the laiger 
pieces packed by hand over a grating at t^e bottom of the 
tower. For other purposes, blocks of granite, flints, or 
acid-resisting bricks may be used, or the Lungh-Rohrmann 
plate packing (p. 28). All these types of packing take up 
about 80 per cent, of the-’ tower spacf, and aie quite unsuit- 
able for# towers in which slow secondary reactions occur, 



246 


ALKALI INDUSTRY 


as in the absorption of oxides of nitrogen. In such cases 
earthemVare cylinders, or “ riifgs ” (2 in. diameter and*2 in. ' 
high), piled one above the other so a$ to 'brealy tr$ con- 
tinuous channels, or hollow perforated balls (Guttmann 
balls), are used. These take pp about 50 per cent, and 15 
p^r cent, of the free space, respectively. If Guttmann 
balls are used, each tower section must be separated by a 
perforated plate, toVarry the weight of the packing, other- 
^ wise the packing in the lower 

: part of the tower would be 

n I crushed by the weight of that 

j above it. ball packing is, 

] although probably the best, the 

. 3 most exi)ensive type. Several 

5 less expensive patent packings 

p are on the market ; some of 

\ them aie good. The packing 

I should be washed with water 

^ c : ^ before putting into the tower, 

and the inside of the tower 
At l should also be cleaned. t 

({ ^ \ The l ()WS f section of the 

\\ ( r [ i t to\\ r er, in which is the, inlet for 

Nn -JjT gas, * s usually left empty ; the 

rest should be Idled with packing. 
Tic. 62,—Poblc Lift. (j) The Lift . — This may be 

a, feed pipe from tower; h, on the pressure (I'ig. 5) or 
elevator pipe*. eniulsator (Fig. 6) principle. A 

very efficient lift on the emul- 
. sator principle, which is now largely used, is the Pohle 
lift (Fig. 62). It -consists of a stoneware bottle with three 
1 necks. One of these, a, serves for. the introduction of the 
liquid^ to be circulated, say the liquid running from the 
saucer of the tower. This liquid should run down a tube 
sufficiently long to prevent its being forced back by the 
pressure of the compressed air, which is introduced through 
the neck b. Passing through the third neck c is the elevator 
tube, which has a serrated edge below passing ^ halfway 
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dowt* the inside of the bottle. The liquid rur.s ilito the ? 

• Aotfcle, through a until its sifcface touches the seri/ted edge 
of tin* t ibe c •wli^n an emulsion of liquid and air, or, with 
a slightly less air pressure, a seiies of short columns of 
liquid separated by columns ^of air, is forced up th° elevator 
tube. These lifts woik satisfactory when once the heights 
of th«? $h)hon and elevator tubes, and tl * air pressuie, have 
been adjusted. The air cairied into ->x tie towel s with the 
liquid serves for the oxidation of the liberated nitiic oxide? 
and it is (piite unnecessary to separate it at the top of ttie 
tower by a trap, as is sometimes done. A cousMerable 
amount of oxidation occuis in the lilts, as there is an inti- 
mate mixing of liquid and air m the elevator tube. The 
tubes are of glass, about l in. diameter, connected by jockets 
with acid-resisting cement. • 

Absorption % of Oxides of Nitrogen. The yrimary 
products of oxidation of ammonia are, as stated, nitric 
oxide and steam. These pass out of the converter at about 
6 oo°, and are somewhat cooled in passing to the cooling 
plant through aluminium aii -pipes. When the hot gases 
frojn the converter cool down, in presence of excess of 
oxygen, either added in the first place to the mixture passed r 
over the catalyst, or aftet the catalyst in the £prm of 
“ secondary air,” an oxidation of the nitric oxide to nigger, 
brown, oxides begins. According to Raschig this # takes 
place in two stages * — 

(1) A rapid oxidation to the stage No() :! . 

(2) A slow oxidation to the stage NoO.i. t 

Lunge and Berl pioved, hovevei, i*hat the oxidation 
occurred with measurable velocity according to the equation 
for a termoleeular reaction— 

2.NO j-0 2 --2N() 2 

Hojwech also found that the rate of oxidation of nitric 
oxide was comparatively slow. According to Norton 
(" Report”) in the case of furnace gases from the # arc 
process, containing 2 per cent. NO in the air, 50 per cent, 
of this is oxidized to N0 2 in 12 seconds, and 90 per cent, 
in 100 seconds, at air-temper atufe. 
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The ires^lts of Lunge and Kerl are summarized below. 
Initial mixture: 125 c.c. NO, 1 ' 500 c.c. air. Temperature 
20° C. <■> * , f 


Time m seconds. 

a 

Composition of pas expressed as pi r cent, of original NO. 



r 

Per reift NO? by \ ohmic. 

Pei cent. NO by volume. 

0 

0 
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» I 76 

52*49 

47 * 5 i 

v, 2-64 

61*33 

38 67 

3*96 

69-05 

30-95 

, 7-92 

80 56 

m ’44 

M’78 

oc 

u~>, 

CO 

1472 

29‘92 

91 77 

8-23 

00 

1 00- 00 
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This preliminary oxidation is effected by having the 
first tower empty, and not circulating ryiy liquid in it. 
The gases are first cooled to 30° in preliminary air-coolers 
of acid-resisting metal, and in silica spirals immersed in 
water, most of the water produced in the oxidation being 
removed, containing some nitric acid. The tower system 
therefore consists of a preliminary empty oxidation toiler, 
followed by a series of absorption towers. Part of the 
secondary air, required for the conversion of NO into N 0 2 
is introduced b} 9 the ‘Pohlc lifts into the absorption towers ; 
the rest is added to the cooled gases passing into the oxida- 
tion tower. 

* 3 y reason of the high velocity of tin gas current, and 
the slow rate of oxidation of NO to N 0 2 , it is possible by 
special cooling apparatus to separate up to 75 per cent, of 
the steam without taking out more than 1 per cent, of the 
total nitric acid' produced, and so to pass on a rich gas 
t mixture to the first absorption towpr, which leads to the 
production of a stronger acid. In addition, the concentration 
of the oxides of nitrogen is increased by the removal of the 
steam, and further oxidation therefore takes place more 
rapidly. p The condensed water, together with enough 
additional water to produce acid of 55 per cent, is added 
to the top of the last tdwor. If nitric acid quite free from 
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ammonia is required, only pure water should be added to 
• the *last tower, and the condensed water either Ased for 
the preparation oLammonium nitrate or thrown away. If 

1 'V * 

only th^ condensed waiter is used and no extra water added, 
an acid of 78 per cent, strength would be produced, but, 
as* described below', it is not possible to attain this strength 
by dirt 1 £t absorption, as the latter eeas< s at about 08 per 
cent. Acid of 60 per cent, may, however, be pioduced in 
the towers. y 

If the gases are brought in contact with water or an 
alkaline absorbent, the reactions aie somewhat 'impli- 
cated. Foerster and Koch with discussion of pievious 
w r ork, state that the following reactions occur •--- 

(1) NoOrl-HoO FIXOo [ UNO., 

(2) ” jHNOo IIXO.I ! 2X0-1 ir/) 

Therefore the total reaction is— 

(3) 3 N 0 2 I II,(): :2HX() ;r !-NO 

If absorption occurs at higher temperatures, say about 
50° t., ])ractically 110 nitrous acid is produced, and re- 
action (3) occurs directly 

The NO may then l>e further oxidi/i d by the dxcesjr 
of air to*N 0 2 , and tinally the whole of, the # V0 2 converted 
into nitric acid. lUit it ifc known that even under ordinary 
conditions traces of N 2 0 3 are formed according to* the 
equilibrium — 

(4 ) no 2 +no£n 2 o 3 

and this would be absorbed as nitrous acia ~ 

(5) N 2 0 3 4 -H 2 0 --2HNO0 • 

Foerster and Koch found that if a mixture ot 1 vol.* 
NO +2 vols. 0 2 is passed into water, rapid absorption 
occurs until nitric acid of 40 per cent, is ifroduced. Yjp to 
50 per cent, acid the absorption is slower, ,and then it 
rapidly diminishes until a concentration to 68—69 per ce # nt. 
is reached, beyond wdycli no further absorption occurs, 
This limit is explained by tw'o cir mu Stances — 
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(i) (P hq volatilization of HN0 3 which is carried away by 

\the gas current. » % 

(ii) The formation of a hydrate, HN0^2B 2 0, in sqiution, 

and the great diminution of concentration of 
“free” water when^the strength of the solution 
exceeds this. 

Ilelbig observed that* if a mixture of NO and ozonized 
air is led into water, rapid absorption occurs, and'HN0 3 is 
produced. Ozone also oxidizes pure liquid N 2 0 4 to crystal- 
line N 2 0 5 , which gives nitric acid with water. Foerster 
obtaiitod over 80 per cent, acid by leading NO-|-ozonc into 
water. Warburg also observed that N0 2 -f-ozonized air is 
rapidly absorbed by dilute alkali, whereas N0 2 alone is 
only slowly absorbed (cf. below). Ozone with N 2 0 4 or 
N 2 0 5 produces some higher oxide, N0 3 or N 2 0 7 . 

If the gases are absorbed by alkalis^ peculiar results 
are obtained (cf. Leblanc, Zcitschr. lilcldrochcm ., 12 , 541, 
1906). If the brown fumes from 2NO+O0 are shaken 
immediately with alkali a mixture of cquimolecular pro- 
portions of nitrite and nitrate is produced— 

N 2 0 4 +2KOII =KN0 3 + KNO0 +H 2 ( > 

Tliis is a slow reaction (cf^Nernst, ibid., p. 544). But 
if the Liquid isvillowed to stand in contact with the gas for 
a ‘time, and then shaken, nitrite predominates. This is 
explained by the production of NO, and formation of N 2 0 3 , 
which is rapidly absorbed, by the watqr in the surface of 
v the liquid— 

N 2 0 3 +2K0H=2KN0 2 +H 2 0 (completely) 

Thus we have the reactions — 

(1) 2N0+0 2 $2N0 2 (slow) 

(2) NO +N0 2 N 2 0 3 (rapid) 

‘(3) N 2 0 4 ^2K0H=-KN() 2 4-KN0 3 +H 2 0 (stow) 

(4) N0O3+2KOIU 2KNO0+H0O (rapid) 

• 

It is found that the rate of absorption of oxides of 
nitrogen in water is diminished by rise of temperature, 
Another factor which lOs hot been mentioned abovq because 
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everw less is known about it, is the influence of tc literature 
• on •rate of solution by altering the relative amounts of 
N 0 2 £nd N 2 ®i iy the gas. It is very probable that the 
polymerized form of the oxide is dissolved more slowly or 
more rapidly than the staple foun. Above a certain 
concentration of oxides of nitrogen as such exist 

in tlife solution (N 2 0 3 or N 2 0 t ) and the equation— 

3IIXO0- IIXO3 i 2\n#j 11,0 

is then no longer sufficient to explain all the reactions. Tlw/c 
oxides of nitrogen colour the liquid blue (KA ‘flagmen 
(N2O3+N2O4), or yellow (NoOj, according as itj/ontains 
more or less water. 

It is found impossible in practice to absorb the whole 
of the oxides oi nitrogen in water in the form ot nit lie acid. 
When the gases become very dilute, the iatc* of oxidation 
of NO to N 0 2 is»vcry slow, and the last portions are. usually 
swept out of the toweis with the effluent gases. It is 
common for the effluent gas to contain 10 per cent, of the 
oxides passed into the towel, when the latter are very 
diliftc gases obtained lrom arc furnaces, i.c. a gas contain- 
ing O' 2 per cent, of NO escapes. Even with richer gases, 
a considerable amount of oxides of nitrogen escape* espe- 
cially should the temperature of the^LOWgr^ by t<^> high. 
Various ways of dealing with these gases have been pro- 
posed. In the case ol arc furnace gas, the problem is* not 
so acute, but when an expensive raw material sucji # as 
ammonia is in question, it is imperative that as much of 
the oxides of nitrogen as possible should* be absorbeef. 
Two proposals are given below : the first is used at the arc 
works, whilst the second seems to offer advantages tt 
English practice 

( T ^ The residual oxides are sent to a tower down whiefi 
a spray of caustic soda or sodium carbonate 
solution is falling Sodium nitrite is produced, 
according to equations (2) and (4)* above. The 

tf 

liquid is circulated until it is neutralized by the 
oxides of nitrogen, and is.then evanorated to nro- 
duce sodium nitrite 
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(2) T[he residual oxides are passed to a Gay Lv.ssac 
'dower and absorbed • in concentrated sulphuric 
acid, as in the chamber process It might- even 
be possible to pass the exit gases directly do the* 
vitriol chambers, so as to utilize the oxides of 
nitrogen, although these arc in a very dilute 
state. In any 'case the working of ammonia 
oxidation in connection with a chambeV plant 
offers several advantages. 

Alternative Methods of Absorption.— The absorp- 
tion toners previously described arc very bulky, and form 
the most expensive item of the ammonia oxidation plant. 
Various proposals have been made with a view to dispensing 
with the towers altogether, but it must be kept in mind 
that a certain amount of space will always be required for 
the reaction— 

2N0+0 2 =2N0o 

to proceed whilst the converter gases are passing to the 
absorption system. In addition, the gases are charged 
with moisture, which would have to be removed if some 
of the methods were applied, and this removal in presence 
of oxides of nitrogen would present difficulties. It would 
be simplest if the proportions bf air and ammonia^ passing 
to fhe converter were such as to produce NO, which, after 
removal of about 80 per cent, of the water by cooling, could 
then be dried by sulphuric acid and mixed with sufficient 
air or oxygen to form N0 2 . But it has Been found that the 
efficiency of oxidation falls off appreciably when the air is 
reduced to the stage sufficient for the production of NO 
done, the full efficiency not being reached until enough air 
is added to form N 2 0 3 . * 

If a dry mixture of air and oxides, of nitrogen is obtained, 
the following methods have been proposed for the absorption 
of the oxides : — 1 

(1) Compression to 5 atm. and then cooling by adiabatic 
expansion, when the nitrogen dioxide liquefies out as N 2 0 4 . 
The cooling must be carried to a .point much below the 
point of liquefaction if pure nitrogen dioxide, because 
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the Jemperature-lowering must reach a point at which pure 
liquid N 2 0 4 has a vapou^ pressure equal to t/c partial 
pressure of ?JO.> in the gas mixture. If the oxidation to 
*NQ 2 ^sTiot compTete, and some NO is left, then X 2 0 3 
liquefy along with the X 2 0|, and the condensing temperature 
is •still lower. # 

(3) Washing out the X 0 2 by liquid solvents, which 
boil af) 0 ve 50 0 C. ( and do not solidity above 5 () J > ^nd are 
not attacked by X() 2 . These aic proposed for use m con- 
junction with cooling, to prevent the apparatus becon/rng 
choked by solid X 2 O t , but might be used at ordinafvyAipe • 
ratures if the solubility were great enough. Sue \f solvents 
are peinachlorethane, tetrachlorct lianc, nitioben/ene, and 
carbon tetrachloride. The N0 2 can be removed Irom the 
solutions by fractionation. • 

(3) Absorbing the N0 2 in solids, such as the oxides 
of lead, coppei* zinc, and calcium. In the cast? oi the 
oxides of the heavy metals the absorption occurs somewhat 
slowly at about C, with tormation of a mixture of 
nitrite and nitrate, 1 10111 which the oxides ol nitrogen arc 
expelled in a conceiitiated form by heating to about 

2 (?0° C.~~ 

2Z11O I [X() 2 - 4 n(X 0 2 ) 2 |-ZniX() 3 ) 2 
Zn(X( ) 2 ) 2 f :ZnO |-XO-l-X()f 
2Zn(X0 3 ) 2 2Z11O ! qX 0 2 | 0 2 

The use of lime forms the basis of the process of Schloe- 
sing, which was intended for the treatment of gasps from 
the arc furnaces. The quicklime is specially prepared 
slaking ordinary lime, preferably qbinined from chalk 
dehydrating the slaked lime at a temperature not abov^ 
500°-&po°, and pressing the calcium o^id<? into briquettes 
If these are heated for # several hours at 300 ^450° in a streart 
of air containing oxides of nitrogen, basic calcium nitrate 
containing only a trace of nitrite, is ultimately produced 
The presence of about 1 per cent, of the chides man 
ganese, iron, or chromium, acts catalytically and ayceletatei 
the reaction. This process is, however, quite unsuitabl< 
for use with gas from ammonia! oxidation. In the firs' 
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place the drying of the gases would offer considerable 
difficulties Then the nitrate produced is basic and would 
not be suitable for the preparation of ammonium nitrate 
or nitric acid without great technical difficulties and loss 
of materials, whilst the raw product would not command 
a price sufficient to pay for the ammonia. Lastly, the 
absorption process is ah .ays attended by a considerable 
loss of nitrogen in the elementary form — as much as 20 per 
cent, being set free- 

v 2Ca()ffi5N0 1 ,--2Ca(N0. J ) 2 -| X 

u 

Tin:, loss of nitrogen also attends the absorption by the 
other metallic oxides mentioned above, and although this 
might not be serious in the case of the arc process, where 
on account of the cheapness of power it is more important 
to ensure smooth running of the process than economy 
of material, yet it could not for a moment be tolerated in 
the ammonia oxidation process where such an expensive 
raw material as ammonia is used. 

In addition to the above processes, which deal with 
dry gases, there are a few processes which aim at the pro- 
duction of nitric acid from the moist oxides of nitrogen 
without the use of absorption towers. These depend 011 
trie treatment of the gases with steam and air or oxygen, 
followed by Tooling so as to liquefy out nitric acid directly. 
These, processes appear to offer important advantages, 
and it is probably in this direction that further advances 
wilf be made in the near future. 

I11 Brit. Pats. 15948 of iqn, 4345 of 1915, to Meister 
Lucius and Pruning, a process is described for the prepara- 
tion of concentrated nitric acid from 60-62 per cent, acid 
obtained in absorption towers. The dilute acid is enriched 
, with nitrogen dioxide, N0 2 , which easily dissolves in the 
acid, and the nitric acid containing nitrogen dioxide is 
subjected in a finely divided state to the action of oxygen. 
In consequence of the increased concentration of the N 0 2 
the Speed of the reaction is increased in the sense of the 
equation— 

2 SO, + I I X0 3 4 - H NOo 
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Tlje uuoxidized ]>ail of the N0 2 is expelled by the 
. oxygen introduced at the cij|l of the reaction sysVem, and 
tire nitric acij ^obtained piactically free from nitrous 
±kl Vlte N() 2 may be introduced either in the liquid or 
gaseous state. A small excels of oxygen (z 5 per cent, 
over the theoretical t qn.it ioi 5 }\(B i-() 2 \ 2lL()----.jIIN( ' 3 ) 
is used- • 

If niftic acid containing watt r is intimately mixed with 
a larger proportion ot liquid N { A than corresponds witty 
the maximum solubility, and the liquid is left at leal, V/fo 
distinctly separate layers are rapidly foimed. K:\it of 
these homogeneous layeis consist ol nitric acid alid NOo, 
and one of them -in most cases that of lower specific gravity 
— contains a more concentrated acid (under favourable 
conditions nitric acid ot about 100 per cent strength) and 
the other layer a more dilute acid than that at first used. 
The N 0 2 may b£ eliminated 1 1 0111 the enriched layer by 
fractionation, ant 1 used again. 

Thus, if 15 parts by weight ol nitric acid of 81 per cent, 
strength are shaken with go parts of liquid nitrogen dioxide 
and the mixture left at ust. two layers separate, from each 
of fthicli nitrogen dioxide is separately removed. In the 
upper layer there remains an :jcid of q8-qu percent. strength? 
and in tile lower layer one of 75 per cent, strain r th. * 

If a mixture composed of bo parts ol nitnc acid ol J5 
per cent, strength and 450 parts of nitrogen dioxidt; is treated 
under a rellux condenser with a si long current of oxygt?n, 
two layers make their appearance on standing. If the 
N 0 2 is removed and the two layers mixed, ft vie remains 
an acid of q5 per cent, strength. The upper layer alone 
when freed from X0 2 is an acid ot nearly 100 per cent, 
strength and the lower layer an acid of about qo per cent, 
strength. 

If NO 2 and oxygen are passed through water 01 ’dilute 
nitric acid for a sutlicient time, the same two layers make 
their appearance on standing. • 

In the process of the vSaltpeteisure Industrie oJl.B.H., 
Gelsenkirchen (Brit. Pat. $5 # o| iqo8), a mixture of 
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nitrogen, oxides of nitrogen, and water is cooled by refrigera- 
tion to V temperature below zejo, when nitric acid separates, 
the concentration of the acid obtained bc^ing higher the 
greater the degree of refrigeration. Tlitis, if a ihixture of 
air, nitrogen dioxide, and aqueous vapour, containing I 
per cent, by volume of N 0 2 'and so much aqueous vapour 
that the nitric acid vapour remains slightly superheated 
at ioo° C. [e.g. 20 grams H 2 0 per cu. metre) is cooled, the 
.following results are obtained. When the temperature 
l^lls to 30° C. a nebulous condensate of acid of 5 per cent, 
strch 7 th. is formed. At 20° the proportion of acid in the 
nebulous condensate is approximately 17 per cent., at 
io° approximately 50 per cent., and at slightly below zero 
the proportion of acid is 60 per cent. If no part of the , 
condensate js removed during the cooling, all the nitrogen 
dioxide is converted into 60 per cent. acid. By removing 
the condensate at different stages of the cooling, condensates 
of different strengths can be separately obtained. 

The Concentration of Nitric Acid.— The tower acid, 
obtained by absorbing the oxides of nitrogen in water in 
the towers, is usually about 55-60 per cent, strength nitric 
acid, and contains very little nitrous acid. It may be used 
• directly for the preparation of pmmonium nitrate by neutral- 
izing «it with ammonia, but if strong nitric acid (00-98 per 
cent.) is required, this weak acid must be concentrated. 

Several processes for the concentration of nitric acid have 
been proposed, the following being the most important : — 

(1) By fractional distillation .—- The boiling-points of 
water and pure nitric acid are ioo° and 86°. If, however, 
a mixture of nitric acid and water is distilled, either a more 
dilute or more. concentrated acid passes off as vapour until 
, the composition of the residue is 70 per cent. HN63, which 
then boils off unchanged at a temperature of 121 0 . In 
other' words, thi^ is the mixture of maximum boiling-point. 

If a weaker acid than this is distilled, the residue approaches 
the composition of the mixture of maximum boiling-point, 
viz. 76 per cent., and no further concentration is then 
possible. If, however^ a stronger ’ acid, say 80 per cent., 
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is distilled, a still more concentrated acid conics # over till 
the Residue has attained the 70 per cent, composition The* 
method of concentration \>y distillation is, therefoie, of 
very limited api&cation. 

(2 f By distillation ivith concentrated sulphurk acid . — 
concentrated sulphuric arid is added to the weak nitric 
acid, say 70 per cent., then the *qipour produced on heating 
is mud* richer in nitric acid, and with a huge excess of sul- 
phuric acid practically pure nitric aetd may be distilled oil. 
This forms the basis of the usual method of concentrate'll, 
which may be carried out in two ways- - 

(1) Discontinuous!)'. 

(2) Continuously. 

In the discontinuous process, the weak nitric acid is 
mixed with concentrated sulphuric acid in a cast -ir mi still, 
similar to a nitric acid still (Fig. 47), and the strong nitric 
acid distilled off The sulphuric acid remaining *is then 
re-concentrated, say in a Onillard tower, and used over 
again. This method is somewhat costly, on account of 
the large consumption of fuel in the distillation and in the 
re-concentration of the sulphuric acid. 

• In the continuous process, the vapour of the weak nitric 
acid is passed up a’ tower tilled with acid-resisting packing, 
down which strong sulphuric acid Vickis. /Vei every 
horizontal plane in the tower there will be nit 1 ic acid vapour 
of a definite composition, corresponding with tlw concentra- 
tion of the sulphuric acid passing downwards through tjiat 
plane. Lower down in the tower, where sulphuric acid 
has become diluted, the vapours contain considerable 
quantities of water along with the nitric acid, but in the 
upper part of the tower, where concentrated sulphuric acid 
enters, •Idle vapours are practically pure nitric acid. Th^ 
diluted sulphuric acid passing from the bottom of the tower * 
is reconcentrated in a Gaillard tower. A combination of 
fractional distillation of the weak nitric acid in vacuum 
evaporators, similar to Kestner evaporators pug. 27) f- and 
then passage of the enriched vapours to a sulphuric acid 
column, forms the basri of Collet’s concentrating apparatus, 

I 7 


B. 
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used in the Norwegian works. It is one of the most efficient 
modern typos of concentrating plant, but has a very high 
initial cost compared with a discontinuous still. 

(3) By treatment with liquid nitrogen dioxide r—±{ am 
80 per cent, nitric acid is agitated with liquid NoOj, the 
mixture separates into two layers, both layers contain 
considerable amounts of unchanged X\>() 4 , but it they are 
separated, and the N 2 0 4 distilled oil, the residue f/oni the 
upper layer is practically 100 per cent. HX() :{ ; that from 
tlfbdow r er layer is 75 per cent. IlN() :i 

Vi mi acid weaker than 80 pel cent is taken, the separa- 
tion intcVtwo layers does not occur, but if a considerable 
excess ot liquid nitrogen dioxide is added, and oxygen blown 
through the mixture, preleiably with violent agitation 
under a rellux condenser, then at a certain point separation 
into two layeis again occurs on standing. After removal 
of the N 2 () } , the residues of these layers ore 100 per cent. 
HN();j and 75 per cent. 1 1 X( ) ;{ , as before (cl p 255) 

The oxygen used in these processes could be obtained 
as a by-product in the iiactionation of liquid air in the 
processof making nitiogcn lor the Haber ammonia synthesis 
or the preparation ol cyanamide. The oxidation of Hie 
ammofna would produce the' oxides of nitiogcn, which 
would tl.ex.be worked up into nitric acid, by means of the 
oxygen, in some such process as has been described. If 
the nitric acid were absorbed in the usual tower system, 
the. space occupied by the latter could be considerably cur- 
tailed by the use of oxygen instead of ail for the secondary 
oxidation ol Hie XO to XO L >, either in the oxidizing tow r er 
or in the Polile lifts. The weak nitiic aeid might then be 
concentrated by. means of oxides of nitrogen, obtained by 
diverting a pint ot the converter gas to a suitable drying 
system, and condensing out the XOo.'say by refrigeration. 

Co9t of Nitric Acid from Ammonia. -vSome estimates 
of the cost ol plant , and the conversion costs, for the ammonia- 
oxidation process have appeared in the literature. These, 
however, refer to the oldOstwald type of apparatus, and are 
higher than the costs foi modern plafit for three reasons — 
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(1^ The large amount of platinum requirec ir# the old 
• apparatus, and t Inexpensive nickel tubes. 

(2) The siifftlligiitput of the old converteis. 

(3) # l*he unnecessaiily expensive absorption towers used 

in the old plants j 

'A summary of these estimates is given below - • 
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for a plant producing 10,000 tons II\'0 :{ per annum, as 55 
per cent, acid, the* toueis alone* on tin* old estimate would 
cos? more than the* complete modem plant The con- 
version costs as giwn ate ajso high , th* piesent cost js 
probabh* of the order given by W’ashfniin? viz aHout ^3 
per ton, including 10 per cent amortization. Tin* .con- 
centration cost of {3 per ton given 111 the oldef estimates 
is probably somewhat high foi a modern installation, ifut 
for the present ma\ be taken as collect With the ] nicest 
of ammonia £rom the vaiious sources, ^ivmi on p 221, and 
the conversion and concentration costs jusl stated, viz.. 
£3 per ton each, one obtains the following table of production 
costs, for the preparation of one metric ton of nit lie acid* 
by a modern ammonia oxidation plant, with a 90 per cent, 
overall efficiency. (The capital cost Jor * modern plant, 
exclusive of the ammonia section, would be about £2 ‘5 -£3 
per ton HX 0 3 in the form oi 55 per cent, tower acid # ior an 
annual production of 10,000 tons HN 0 3 ) 

* With cciKcntrati/jn \ lant. 
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In the Case of synthetic sources of ammonia, a power 
cost of £375 per K.W. year has-been assumed (cf. p. 216)*. 
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These figures are, of course, more or less tentative, but it 
is believed that, as they are based on a careful consideration 
of all the recent sources of information, they approach 
much ^neater the truth than any previously published 
estimates, all of which refen ed to plant which must now be 
regarded as out of date. 

The costs in the table may be compared with the cost 
of production of nitric acid from Chili nitre by the retort 
process (p. 150). With nitre at the low price of £ 8 per ton, 
the cost of 1 ton UNO*} in the form of 9 7 per cent, acicl is 
and even with nitre at £5 per ton, which seems a 
somewhat remote possibility, the cost of nitric acid would 
be, £13*8 per ton, which is higher than any figure stated 
above witli the one exception of the acid made with ammonia 
produced in the discontinuous evanmnide process. Of 
1 course the figures for acid made from lecovery ammonia 
at the usual market rates would be \erv much higher than 
^any of the above, approaching about £23 per ton HN 0 3 
as 97 per cent/ acid with recovery ammonia at £59 per ton. 
4 Even this figure, high as it undoubtedly is, does not represent 
much more than the price of nitric acid made from nitre 
when* the latter*, commands the price it undoubtedly will 
continue to do if not checked by competition. 

‘'The figures also indicate the possibility of producing 
sodium nitrate, say by neutralizing the tower acid with 
Leblanc lyes, or with sod? ash, at a price either less, or at 
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least equal to, that ot Chili nitre. One may smely'say that 
th£ latter product is on tli# way recently taken by natural 
indigo. * v 

Tqg production of nitric acid from ammonia is therefore 
a process worthy of the most serious attention as a peace 
pfoposition, and as a wai measure it is undoubtedly the best 
way, for this country to become indepe ident of overseas 
supplieS of nitrates. Germany has poulticed a large propor- 
tion of the nitric acid tor explosives bv ammonia oxidation, 
and has elected the necessity plant during the war A is 
more or less ceitaiu tliat this plant is not opera, mg so 
efficiently as the most modem plant (lull knowledge of 
which has come to hand fiom the leseaich voik canied out 
in lingland during the last }eai) undoubtedly would. 
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Section X. -UTILIZATION AND ECONOMY. 

• OF SULPHURIC ACID 

« 

Utilization of Sulphuric Acid. —There is scarcely a 
manufactured product known in the preparation of which, 
eitluVr of the raw materials or in the actual process of making 
the article, sulphuric acid does not play a part. Sulphuric 
acid may enter into the reactions in four ways — 

(1) As an acid, i. e. in virtue of its replaceable hydrogen 
• ions. 

(2) As a dehydrating agent. 

(3) In the preparation of sulphonic acids with organic 

compounds. 

(4) As an oxidizing agent. 

(!) As an acid, sulphuric acid is used in the preparation 
of other acids or of salts. Acids prepared by means of sul- 
phuric ^eid according to the general schemes— 

- (i)JUX, |-II 2 S0. 1 ^:MIIvS() 4 +HX 

♦ (ii) Ml ISO* -f MX ^ MoSO.t f IiX 

are hydrochloric, nitiic, phosphoric, tartaric, acetic, citric, 
oxalic, stearic, palmitic, and oleic acids* and sulphur and 
carbon Tlioxides. Simultaneously with the production of 
these acids, the* salts MHS0 4 and M 2 SO t are formed. Since 
the sodium or calcium salts of the acids are generally taken, 
the sulphates of, sodium or calcium remain. Sodium sul- 
phate and hydiochlorie acid are, foi example, simultaneously 
produced in the Saltcake process. 1 Calcium sulphate is 
usuallythrown awpy. 

Intermediate between these cases is the preparation of 
soluble “ superphosphate of lime ” from insoluble calcium 
phosphate— 

Ca 3 (P0 4 ) 2 +2H.,S0y-2CaS0;+CaH 4 (P0 4 ) 2 
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'A'he preparation of phosphoric acid from calcium phos- 
phate, and its subsequent ^eduction by carbon, is the basis 
of the older method of manufacturing j)hosphorus. 

Tj^e decomposition of the lime soaps of the fatty acids, 
stearic, palmitic, and oleic obtained by the saponification 
of fats with lime (when glycerine is set fiee), is the process 
used*yi the manui act lire of candles 

Other sul])hates, such as pota^syim. ammonium, iron, 
copper, barium and aluminium sulphates, and alum, are 
prepared for special purposes The pieparation ol Am- 
monium sul])hate calls loi a huge proportion of the acid 
manufactured. 4 

The sepai at ion ol coppei and silver, and of silver and 
gold, by treatment ol alloys with dilute and concentrated 
sulphuric acids, lcspcctively, ri utilized in metallurgy. 

Another utilization ot the leplaceable hydrogen in sul- 
phuric acid is tfie piepaiation ol hydiogen, by treating iion 
turnings with dihne sulphuric acid 

In t HoSO j FeS< ), (-11., 

This method was formerly used in the piepaiation ot 
hydrogen for balloons. 

Sulphuric acid is also ijsed for cleaning the sdiiace«of 
iron sheets pieparatoiv to tinning; the txid* i.f 'Amoved 
and the clean surface becomes coat cal evenly with tin \v f hen 
dipped in a bath ot the molten metal. 

A peculiar pippeily of the hydrogen ion, wliiek is' 
formed when sulphuric' acid, like all othei acids, is dissolved 
in water — 

ILSO^II’ fUSO* 

.. iiso/^ir+sor 

is its powerful catalytic activity. Thus, if starch is boile*d* 
for soyie time witli very dilute sulphuric acid, it takes up 
the elements of water, and is converted iftto invert sugar — 

CflHio^5'i ^ 2 ^ h 6 IIi 2 0 6 

The sulphuric acid, remains unchanged. A considerable 
amount of glucose is manufactured from starch in this way, 
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* and is it^ed, in making jams, in brewing, etc. It is very 
essential that sulphuric acid i!sed in the preparation of 
foodstuffs should be free from arsenic ; r ucitl majle, from 
sulphur (“ brimstone acid ”) is usually preferred oa this 
account, although ordinary aci^j. from pyrites can be freed 
froip arsenic by the methods already described. A serious 
outbreak of arsenical poisoning by beer in kjoo was .traced 
to the glucose used ki the fermentation, which had been 
made with arsenical sulphuric acid. Some specimens of 
the acid used then for the manufacture of glucose deposited 
crystals of arsenious oxide, As 2 0 3 , in the carboys. No sul- 
phuric acid which lias not been shown by analysis to be free 
from arsenic should be used in the preparation of foods. 

Anqther catalytic action of sulphuric acid is utilized in 
the 111 anufac Aire of ether, although this reaction belongs 
also to IJie dehydrating actions of sulphuric^acid (see section 
(2)). A mixture of sulphuric acid and alcohol is heated 
to 140° C., and alcohol run in continuously. A mixture of 
the vapours of ether, water, and some alcohol distils off, 
the sulphuric acid acting catalytically — 

(i) C 2 H 5 OH+H 2 vSO, 1 -C 2 H 5 IIS() 4 fll 2 () 

• (ii) t 2 H 5 0H-hC 2 II 6 HvS() 4 -lC 2 H 5 ) 2 0 |-H 2 S0 4 

J.'he two steps in this “catalytic action” can be 
separately realized and the “ intermediate compound “ 
(C 2 H,HS 0 4 ) t isolated. 

ff cellulose, in the form of paper, is* treated with sul- 
phuric acid containing a little water, it is converted into a 
parchment-like material, called “parchment paper,” which 
i$ used for covering the tops of jam-jars, and for wrapping 
butter and other ’moist or greasy materials. 
c ‘ Connected with the hydrogen ioij, produced when sul- 
phuric acid is dissolved in water, is the use of dilute sulphuric 
acid in voltaic cell£, especially accumulators, for the genera- 
tion of electric currents. I11 the case of the accumulator, 
only** the, purest acid (from sulphur), especially free from 
iron, is used, and its density is controlled by a hydrometer. 
The hydrogen ion in the cells acts as a carrier of the positive 
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current, or, if we assume that only negative . elgttricity 
* exists in the free state as electrons, the hydrogen ion on 
receiving ^n elifctrffci, is converted into the hydrogen atom— 

II -| o=H 

•The reaction in the accumulator also involves the change 
of concentration of the sulphuric acid v sce Partington, 
“Thermodynamics,” p. 468). 

(2) Sulphuric acid finds considerable a])] dication as a 
dehydrating agent. Concentrated sulphutic acid readily 
absorbs moisture Irom the aii or other gases, and is used for 
drying gases, such as ehloiine which is to 00 converted into 
bleaching-powder, or the air which is used for burning pyrites 
in the Mannheim contact process for manutacturing S() 3 . 
When used for this pui pose, the sulphuric acid is usually 
spread over pumice 01 coke in a tower. When mixed with 
water, sulphuric Ticid gi\es out a considerable quantity of 
heat; according to Thomsen, when 1 gram-molecule of 
sulphuric acid (08 grams) is mixed with m giam-molecules 
of waiter, the following equation represents the r'vy.bci"* 
of gram-calories evolved — 

17860;;! 

* 1 748 

The definite hydrates. S0 3 2lL(), S() 3 H 2 0, 2S0 3 .IIjj0, 
have been isolated in the pure state. 

Not only does concentrated sulphuric acid absorb waiter 
with avidity, but it is also capable of decomposing many 
organic compounds containing hydrogen 'and oxygen, 
from which it removes the elements ol waiter and leaves a 
product rich in carbon -in many cases carbon itself. Thus,’ 
by the action of concentrated sulphuric acid on sugar, or, ^ 
other carbohydrates, a Thick mass of finely divided carbon 
is produced— 

heiii2^G f6H 2 0 

This reaction is utilized in the manufacture of blocking— 
a mixture of treacle and concentrated sulphuric acid furnishes 
finely divided carbon ; oil is then added. 
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This destructive action is rather specific, and oils, for 
instance rape-oil, may be reined by shaking with strong 
sulphuric acid, when the mucilaginoi^ constituents are 
charred and separated, and the oil is thus clarifietf. , Hydro- 
carbon oils such as petroleum, are relined in the same way, 
and considerable amounts of sulphuric acid are used* in 
petroleum refining. * 

The dehydrating action of sulphuric acid on alcohol 
has already been mentioned in connection with ether. 
Ifi this case, the catalytic activity of the acid is also im- 
portant. In the preparation of esters from mixtures of 
alcohols^and organic acids, such as ethyl acetate or amyl 
acetate — 

C 2 II 5 0iI | C I f 3 C( K )I I H ; jC( X )C 2 1 1 5 i H 2 0 
the reaction* is carried out in the ])resence of sulphuric acid, 
which serves the double purpose of removing the water 
produced (which would tend to stop the reaction by its 
mass, leading to equilibrium), and also accelerating the 
reaction eatalytically. 

"important esterification reactions are the preparation 
of the ester of glycerine and nitric acid — “ Nitroglycerine," 
as it i 4 s incorrectly called, or glyceryl trinitrate, and of the 
?dtr o-celluloses, used for collodion, or gun cotton, which 
are made by treating glycerine, or cellulose, respectively, 
witl^a mixture of nitric and sulphuric acids. 

A most* important series of reactions in which sulphuric 
acid gets as a dehydrating agent is fotfnd in the so-called 
^nitration of organic compounds. In this reaction, which 
occurs when aiom.'jtic hydrocarbons or their derivatives 
t are treated with a mixture of nitric and sulphuric acids, 
a hydrogen atom, is replaced by the nitro- group. « Thus, 
•with benzene, nitrobenzene is produced, which by reduction 
gives aniline, C 6 H 5 NH 2 . * 

Toluene gives*, as a final stage, trinitroluene, used as an 
explosive, under the name of “ T.N.T." 

Tliepol on nitration gives trinitrophenol, or picric 
acid, C 6 H 2 (0H)(N0 2 ) 3 , also largely used as an explosive 
under the name of lyddite* or melinite. 
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Various other organic nit 10-co 111 pounds are psejl, either - 
• as dyes or explosives. 1 

(3) Sulphuric faciei acts on aiomatic hydrocarbons, or 
some qf flieir derivatives, in such a way that an atom of 
hydrogen is replaced by the group S0 3 II, with production 
oh a sul phonic acid. Thus, benzene, when heated with cqu- 
centralfd sulphuric acid is converted into benzenesulphonic 
acid— # 

c e ii 0 1 iioSOj c (5 ib,so ;l ir i iu) 

* 

If this is conceited into the sodium salt, and the sodium 
benzene-sulphonate fused with caustic soda, sodiui^ohenate 
is produced, which when treated with acids (even COo), 
forms phenol— 

C 6 lI 5 S() ;} Xa |-2Xa()ir C a II 5 OXa ; Xa.SO* | 11,6 

( >ther sulphoiyc acids are used iu the ])re])aration (if dyes. 

(4) Sulphuric acid under ceitain conditions may function 
as an oxidizing agent Thus, when naphthalene is heated 
with fuming sulphuric acid, in the presence of mercurv i 
as a catalyst, it is oxidis'd 1o phtlialic anhydride, winch is 
the^stai ting-point in a method for the synthesis of indigo- 

„ C( > , 

/ \/ \ / , \ 

! ! -> , j '( 

X/ ' c< 

Indigo itself is ^soluble in concentrated sulphmic aTid, 
with the production of a deep blue compound, indigo-, 
sulphuric acid, wdiieh is soluble in water > 

It is evident from the foregoing summary to what a 
multitude of uses sulphuric acid may be applied. There 
are in addition a number of minor ires, but the bulk of the’ , 
acid of commerce is absorbed in the main industries j ust 
outlined*, of course in different proportions. The super- 
phosphate industry takes about 35 per cent., of the total 
acid produced in Great Britain and Germany in normal 
conditions (and 70 per cent, in America). Rather more than 
this is used in the manufacture, of* ammonium sulphate. 
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Next rq importance are the nitration processes, and the 
production of nitroglycerine, , guncotton, and explosives ; 
the salt-cake process ; cleaning iron sliest for tinning, and 
making alum and sulphates ; the manufacture* qf nitric 
acid ; and the refining of petroleum. The other uses, 
tl]e preparation of ether, phosphorus, sulphonic acids and 
dyes, for accumulators, glucose, etc., come next in import- 
ance. 

< Economy of Sulphuric Acid. 

In a state of war, the uses of sulphuric acid must be 
restricted as far as possible to those immediately concerned 
with the manufacture of munitions, viz. explosives, such 
as nitro-glycerine, guncotton, picric acid, T.N.T., etc. For 
this purpose, not only is sulphuric acid required as such, 
in the nitration processes, and the preparation of phenol 
(which also requires caustic soda), but also in the prepara- 
tion of nitric acid, where the latter is made (as it is at present 
exclusively in this country) from nitre by the retort process. 
A 'gftttvi of war, therefore, lequires a stiict economy in the 
use of sulphuric acid. This implies restriction in all non- 
essential uses, and economy in — 

(1) The use of sulphuric acid in the preparation of 

nitric acid’. By the oxidation process (Section IX) 
nitric acid can be made from ammonia without 
the use of sulphuric acid at all. 

(2) The use of sulphuric acid iiv nitration (“Mixed 

• acid ”). 

It has ahead} been mentioned that the impoits of pyrites 
, put a heavy demand on shipping, and attempts have been 
made to revive the use of British pyrites (see p. j8h Ger- 
1 many has probably also felt the shortage of pyrites. The 
roasting of zinc, copper, and lead ores could supply a con- 
siderable amount of sulphur dioxide, and it is even possible 
that some sulphuric acid in Germany has been made from 
gypsum (p. 48 ; Chon. Trade Journ ., Nov. 27, 1915), although 
there should have been a sufficient supply of sulphide ores 
to overcome the curtailed supply of pyrites. 
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^considerable economy of sulphuric acid has leenyffected 
by "t he utilization of nitre-^ahe, or acid sodium sulphate, 
NaHSO,, for # vr^rious processes requiring sulphuric acid. 
An accoifnt of these uses lias been given on p. ibo. 



Section XI.— THE POTASH INDUSTRY 


Potassium Salts. — It lias been stated in connection with 
th history of the Soda Industry that the use of potassium 
salts, such as the carbonate and caustic potash, was largely 
superseded by the utilization of the corresponding sodium 
compounds when the latter could be prepared from common 
salt by the Leblanc process. There are a large number of 
cases i‘n which the two elements are interchangeable. This 
indifference occurs when it is only the negative radical of the 
salt which is the important constituent, as is the case, for 
instance, when an alkali is required, and the hydroxyl ion is 
just as effective 1 when paired off with the potassium ion as 
with tlje sodium ion ; or the oxidizing effect of the chlorate 
ion, which is manifested equally whether it is present as 
sodium or as potassium chlorate. Even in the latter case 
it has been found that the sodium salt is usually preferable 
on account of its greater solubility, and the possibility this 
gives of obtaining the chlorate ion in greater concentrations 
and lienee more powerful oxidizing capacity. But this is 
only quite a secondary consideration, and if rubidium chlorate, 
for instance, were found to be more soluble than potassium 
chlorate, and if rubidium were a common element, then 
rubidium chlorate could be just as usefully substituted for 
potassium chloride as is the sodium salt in actual practice. 
Tn the laboratory it is usually a matter of indifference whether 
a solution of potassium or sodium hydroxide is used, because 
the active substance is generally the hydroxyl ion common to 
both, and on a large scale even lime is often used as an 
alkaline reagent, i.c. as a source of hydroxyl ions, although 
its smaller solubility and the insolubility of the salts produced 
in many cases must be set off against’its cl 
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When it is the cation, or metallic radical, widely is the 
active'agent, all these considerations are no longer valid and 
the salts of potassium and sorfium are no longer interchange- 
able. On# of the '’most impoitant ot these cases is that ot 
plant nutrition. It has been shown by direct expci iiueiit 
that*, under otheiwise identical conditions, plants can grow 
in Ablutions or soils quite iiee from sodiun salts, but are 
unable *f(t di u lop in the absence ol salt . of potassium 
(Hellriegcl and Wiltaith) The soil has the piopcity of 
retaining potassium salts by absoiptiou and chemical 
interaction (Wav, 1850), when as sodium salts percolate 
through. A11 equivalent of tlie calcium ion is set I * e when 
the potassium ion is ntannd The absoiptive pouei is 
greatest in soils rich in humus and cho , and appeals to be 
effected chietly by inti taction with the complex /Tolite 
silicates, the calcium magnesium, and sodium bass in the 
latter being exchanged for potassium Some insTTlubte 
potassium humate U also piccipituted, and cakium sulphate 
or chloride passes into solution In this wa\ the veiy small 
amounts of potassium compounds in the watei of j'ivws, 
lakes, and seas, in which sodium compounds are nivai iably 
prestut in ulatiwly huge amounts, becomes clear. As 

successive crops aie talon oil the soil, the potassium salts* 

• • 
in the latter art 1 impovei ished, and a •tun** c*iwsVhen 

the soil is rendered so pool in potash that it Ik conn s useh ?s 

for purposes of agriculture. Dyet in 18^4 conchided fiiat 

this limit is nache^vheii the soluble potash in the soil, 

ix. soluble in a one pm cent, solution ot citric aciif and 

therefore likely to be assimilable by phyits* falls below 

O'OI per cent. Smetham estimates the mean available 

potash contents of the soils of the United Kingdom as 0-015 

per cent.,* and concludes that most of the e soils contain 

a reserve of potash large* enough to enable their cultivation 

to be carried on in spite ot the stoppage ol # the supples of 

potash from Stassfurt, until other sources become available. 

In 1900 no less than 3,000,000 tons of potash salts were 

produced at Stassfurt, ot which 1,158,000 tons were u?cd for 

agricultural purposes in Various countries. In 1913 potash 
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salts oquivalcnt to 1,110,000 tons K 2 0 were produced, of 
which half were exported, 32,000 tons K 2 0 coming to the 
United Kingdom. The cultivation of the sugar beet in 
particular requires much potash. 

Since we have seen that plants require potassium salts 
for their growth, and derive these from the soil, serving in 
their turn as the food of animals, it is clear that there must 
be a distribution of potassium throughout the three king- 
doms of Nature, and in some cases its amount will have 
accumulated to such an extent as to form a source from 
which supplies of the element can profitably be obtained. 
The .chief natural sources of potassium salts arc : — 

1. The Sea. — Sea water contains on an average 05 to 
07 gram of potassium per litre. 


Composition of Sea Water according to Regnault. 


Touil solids 
Composition of solids : 
Sodium chloride 
Potassium chloride 
Magnesium chloride 
M ignesmm bromide 
Magnesium sulphate 
Calcium sulphate 
Calcium bicarbonate 


3 *5 3 per cent. 

76' jq 

i 98 (equal to o‘5 gram K per litre) 
xo 20 
0 ‘ 0 () 

<>'52 
3 97 
o 08 

99 '39 


These potassium salts are recovered from sea water in 
two ways,: — 

- - (i) As a by-product from the manufacture of “ solar 
salt ’ (cf. Section I). 1 cubic metre of sea water yields 

about 64 litres of mother liquor after separation of the 
common salt, which is worked up as described under “ Salt," 
and yields potassium in the form of carnallite, KCl.MgCl 2 . 
6 H 2 0 , from wliicn KC 1 could be recovered as described under 
the Stassfurt Industry. For eveiy ton of common salt 
separated there would be about 75 lbs. KC 1 in the mothei- 
liquors. Under the severe competition of Stassfurt the 
economic recovery of this by no means inconsiderable 
quantity of potash w r as financially impossible, but newer 
conditions may alter the case in countries where much solar 
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salt is produced, and where no olhei sources of*, potash 
. cxi^t ; in Italy, for instance, these sahnas or mother liquors 
aie estimated to supply all the potassium lequired. 

• (ii) *Scfc plants f ' 4 seaweeds ") absorb potassium salts from 
the sea water, and when they are burned this is left in the 
ash*. The ash of seaweeds, tailed kelp, was once in fact a 
veA r important source of potassium salts, and may agflin 
become £), as will be explained later on. 

2. Minerals . — The crust of the earth contains per 
cent. K 2 0 as silicates in the form of piimitive rooks, 
*£•- 

Orthoclasc, or potash felspar . AUO^.KoO.GSiOof 

Muscovite , or potash mica : 3 A 1 2 0 3 KoO.qSiOj. 

Lc licit e : AloO^.KoO.qSKH. 

Apophyllilc (and other zeolites), .|(Ca() aSi^TLOJ.KP. 

By “ weathering,” i.e. by the combined action of wu|^r and 
carbon dioxide or carbonic acid, especially when assisted 
by the pulverizing action of frost in causing occluded water 
to «olidify and break up the rock by its expansion, these 
silicates are slowly decomposed and give up soluble potash, 
wlu^li is retained by the soil and passes into plants. It lias 
not vet been found possible economically to extract. potash 
from sugh rocks, although attempts h^V'* repeatedly bed) 
made. Other mineral sources are the deposits t )f intjc, 
KN 0 3 , India, which we have alrcad\ refeued Was 
a source of nitnc acid (p. 137) and which has been utilized 
during the war ; potassium sulphate* in “ alum cock," 
or alaunite, 3Al2SO6.KoSO4.qHoO, which is formed in 4 
trachyte, or other rocks which have be* 11* subjected to the 
action of volcanic sulphur dioxide. The mo A important* 
deposit* <3f potassium salts are, however, those in Stassfurt, 
in Alsace, and in the myth of Spain. 

3. Vegetable and Animal Sources . — Wood and plant ^shes ; 
vinasse cinder ; suint. 

The Kelp Industry and Iodine.— At ldst the kelp- 
burning industry, carried out for centuries on the epasts of 
Scotland, Ireland, Normrndy, and Sp^in, was chiefly directed 
B. 18 
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to the preparation of alkalies. With the discovery of the 
Leblanc process this demand declined, and the kelp industry 
has only been maintained by the recovery of iodine, which 
also occurs in most seaweeds (not, however, in salsola , from 
which barilla was prepared). The iodine industry was 
started early in the nineteenth century in Glasgow, by Or. 
Ure, and is now of considerable importance there, although 
only three works are in operation. Recently nme or ten 
works have been established in Norway, and several are 
se ittered throughout Japan. The Canadian Potash and 
Algin Co., Sydney, British Columbia, proposes to extract 
potash and iodine from seaweed on the Pacific coasts. In 
Scotland only drift-weeds are used ; especially the Laminaria 
digitata and L. stcnophylla — the “ red wracks," which are 
entirely submerged by the tide, but are torn up by storms 
and cast ashore. Only these two (which contain about half 
a per cent, of iodine) are worth burning. In Japan other 
kinds are used in addition, and this country is now able to 
export large quantities of iodine, besides producing potash 
salts fpr home consumption. In kelp-burning the weeds 
are burnt in pits, and should yield a loose ash containing 
23-30 lbs. of iodine pel ton ; actually 12 lbs. is the average, 
'.ince Vhe calcination, carried on by crofters and small 
farmers, may b k done at too high a temperature, producing 
a fused slag, or else the iodides are allowed to be washed out 
of til e weed by rain. The kelp is lixiviated in rectangular 
irm vats with a perforated bottom, heated by steam. The 
solution is evaporated in iron pans and the salts fished out ; 
these are called plate sulphate, and consist of impure potassium 
sulphate. On cooling the liquor concentrated to 62° Tw. 
"potassium chloride separates of 90 per cent, purity. 
Formerly 2500-3000 tons of this salt were produced per 
annum, but the production was practically given up owing 
to tile competition of Stassfurt, and the crude potassium 
salts are used as fertilizers. On further evaporation crude 
sodium chloride, called kelp salt, separates. The mother- 
liquor Contains the iodine as potassium iodide. It is mixed 
with sulphuric acid, allowed to settle, and strained off into 
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the stills, consisting of iron pots with dome-shaped, lead 
covers communicating with trains of earthenware receivers 
called udelh. Manganese dioxide is added and the iodine 
distilled *if. Vlu* iodine is pmitied by rcsublimation in 
porcelain pans. If more manganese dioxide is added, bromine 
is .evolved, but usually the ifsidual liquor is thrown awa\ . 
Tlrfs old process is exclusively u*ed in tlu> count iv, flic 
proccsse-t of Stanford (uSbj), established in the Outer 
Hebiides, being no longer voiked. In the Char process of 
Stanford the sun-diied weed was charred slowdv in i*m 
retorts at a low temperature, when acetic acid, tar, and 
ammonia, were to be rceoveicd. In practice# only an 
evil-smelling tarry water was obtained. In the Wet process, 
the weed was boiled with a solution of sodium carbonate 
and filtered. I'airlv pine cellulose, amount ity; to ?5 ]>er 
cent, of tlie w r eed ami called al^ulosr, was left, which it was 
suggested could U* used for making paper, and on acidifying 
the filtrate with sulpmuic acid a peculiar colloidal substance 
called algin was precipitate d, which was to be used foi making 
jellies, sizing fabrics, and a, a glue. The lilt i ate coiji ai.vi>g 
the iodides was evaporated down and neiitialized with 
li m t stone, filtered, and tii« liltiate distilled with sulphuric 
acid and manganese dioxide. Stanford’s | iocesses*are fi# 
longei used, appaiently owing to the difficulty ♦ 1 flbftiiniug 
a regular supply of weeds under the pH suit system of col- 
lection, the failure of the tai in the char process, aiuV the 
insufficient demand foi algin products. •# 

In France the liquors tfom ki Ip are worked up differently. 
They are treated with hwlrochloiie acid aqd sCituiated with 
chlorine. The iodine is preci])itated, and is filtered off, 
washed, and resublimed in eartheiiwaie retorts and receivers * 
If the fesidual liquor is evaporated down and distilled with, 
manganese dioxide and Sulphuric acid, bromine is obtained. 
The process has fallen off in recent years owing to* com- 
petition from the Chilian and Stassfurt sources ; In Russia, 
iodine is now' being made to some extent from the Black 
Sea algae at Ekaterinoslav. In the caliche or crude Sodium 
nitrate deposits of Chili Iodine occurs in the form of sodium 
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iodate, Nalf)^ to the extent of O‘oi~o i5 per cent. # The 
mother liquor contains about 2^ per cent, of NaI 0 3 , and is 
run into lead-lined vats, where it is treated with dilute sul- 
phuric acid and a solution of sodium bisulphite, N2 iHS0 3 -^ 

l20 5 +5S0 2 yl2+5S0 3 

# The liberated iodine at first reacts with the excesso of 
sulphurous acid, and only when this is used up jboes the 
iodine appear — 

r. 1 2 -f H 2 0 +H 2 S 0 3 =2HI +h 2 so 4 

HIO3+5HI = 3 h 2 o + 3 i 2 

The iodine is formed as a precipitate which, if filtered off, 
washed, and pressed into blocks, contains 80 per cent, 
iodine. 

The proWem of obtaining potash salts from seaweed has 
again come to the front, especially in America, where diffi- 
culties' with the Stassfurt monopoly arose in 1910. The 
seaweeds of the Pacific coast contain about 3 per cent. K 2 0 
on the dry weed, and are therefore richer than the Scotch 
Weeds, * although the latter contain more iodine. It was 
proposed to collect the weed by dredgers and burn it scien- 
tifically after drying by steam, but the process does not 
Appear yet to be used on a large scale, although much work 
has been dbne ''by 'the United States Government on the 
subject. 

Wood 'and Plant Ashes. — Wood ashes may contain 
frO’ih 2’3 to 12 per cent. K 2 0 together with lime, magnesia, 
, and phosphoric acid. Potash salts predominate in the twigs 
and leaves; flier solid wood contains much less. If much 
silica is present, as in straw, sugar-cane, and grasses, the ash 
contains chiefly potassium silicate, which is not ptilizable, 
<but the chief product otherwise is potassium carbonate. 
The manufacture of potassium carbonate from this source 
is carried on chiefly in Russia, where there were eleven 
factories in T906 (the factories in the Caucasus produced 
io©,ooo tons of 90 per cent. K 2 C0 3 annually from sunflower 
stems) , in Transylvania, Illyria, Canada, and the United States. 
The average annual production of wood per acre in temperate 
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climates is ri tons, of which 1 per cent, is ask containing 
5 per cent. K 2 0 . This amounts to a yearly production of 
only ^2^ per acre. Since the discovery of the 

5 tassf*rt deposits the industry has declined ; at present the 
potash derived from wood (eluding plants) does not amount 
to^more than 10,000-15,000 tons per annum. In 1873 about 
20,000*1x)ns were produced. The process idopted is very 
primitive : the wood is burnt in large |>fts, the ashes sprinkled 
with water, worked up, and lixiviated in casks with false 
bottoms, the liquor being run off at a density of 32° Tw. 
and boiled in large cast-iron cauldrons to dryness. The 
residue is heated to redness, and forms pot a she?. This is 
sorted, and a part i^ relined by redissolving, evaporating 
and calcining, and forms pcarlashcs, used in the manufacture 
of flint glass after a further relining by calcining frith sawdust, 
lixiviating and iecalcining. Other vegetable souths are 
cottonseed-hull ash (10-40 per cent. K 2 0 , formerly used 
for tobacco-crop top-dressing in the Connecticut Valley), 
weeds such as wormwood, marigold and tansy, and the ashes 
of Indian corn cobs (50 per ant. K 2 0 ), and tobacco stems 
(b j)er cent. K 2 0 ). A commission in Italy is investigating 
the extraction of potash from the press-cake from ^)live p\\ 
making k • . .... * 

Vinasse or Schlempe (Beet-sugar Molasses),— 
Dubr unfa lit in 1830 pointed out that beet-sugar mokisSes, 
which is unsuitable for food, is rich in potash. *The mjmu- - 
facture of potash from this source was however not> begun 
till 1850 in France, Belgium, and Germany. The process 
is still used in France, and in Germany 1^,000 tons of KC 1 
were made in this way in 1883, but lately the German practict 
has been to extract the sugar from the molasses by the 
osmose or strontia processes, and the potash in the mother 
liquors .is put back directly to the soil. In the french 
process, the molasses, called vinasse [schlAnpe in Germany), 
is neutralized with lime and evaporated in i special type 
of furnace called a Porion furnace, in which it is splashed 
in the fire gases by revolving paddle^ until it becomes thick. 
The syrup is then put on the ’hearth of a reverberatory 
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* furnace, *«wlvjre it is allowed to catch fire and burn to a'cqke, 
called vinasse cinder, containing 30-35 per cent. K 2 C 0 3 , 
18-20 per cent. Na 2 C 0 3 , 18-22 per cent., TICK, etc. .This is 
lixiviated. A preliminary evaporation in triple-effect vacuum 
pans has been used since 18961 

• In the Vincent process, used only at Courrieres, the vinasse 
is distilled in an iron retort, when trimethylamine ancknethyl 
chloride are obtained.' By passing trimethylamine through 
a jed-hot tube, hydrocyanic acid is produced, which is ab- 
sorbed in soda to produce sodium cyanide (Dessau process). 

In the Kffront process, formerly used at Nesles on the 
vSomine, t lie vinasse was fermented, when acetone, alcohol, 
ammonium salts and other products were obtained. 

Suint. — Suint is an animal source of potash, being a 
potassium soap of sudoric acid present in raw wool. From 
wool washings about 150 tons of potash per annum are ex- 
tracted by the fnm of Matimene and Rogelet at Rheims and 
Roubaix, tlie brown liquor being evaporated and calcined. 
The wool imported into the United Kingdom annually would 
yield 300 tons of potash, all of which is lost in streams ; 100 
parts of raw wool yield 5 paits of potassium carbonate. f 
, Mineral Sources.- -The richest mineral sources of 

•* 

potas^uyi salts are— r 

t (1) The Stassfurt Deposits (1839). 

' (jc) The Alsatian Deposits (1904). 

,(3) The Spanish Deposits (1915). 

”(4). Felspar. 

The Stassfurt Deposits.— There have been salt works 
at Stassfurt for l\ long peiiod ; formerly they belonged to 
•the Duke of Anhalt, but were sold to the Prussian “ Fiskus ” 
in 1796. In 1&30-40 common salt was found by * boring 
south of the Harz mountains, in thv Thuringian basin, and 
rich grilles discovered, with which the weaker Stassfurt 
brines could not ‘compete, the latter works closing down in 
i860. On April 3, 1839, a boring was begun at Stassfurt, 
ancl in, 1 843 at a depth of 265 metres the upper covering 
of salts was reached, apd the boring was continued for 325 
metres without reaching the bottom. The brine was bitter, 
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and contained KC 1 and MgCk>. Dr. Karsten agd Prof. 
Marchand concluded, howui/er, that pure salt would be 
found at greakfc # depths, and in 1852 the sinking of two 
shafts .was begun. After live years' perseverance, pure salt 
was struck in immense quantities at a depth of 330 metres, 
in # reaching which a depth o*f 250-280 nieties of potassiym 
salts v&s penetrated. Similar deposits were found at New 
Stassfur?, Loderburg, and DouglashaH and a great number 
of borings made. The ultimate- success of this mtcrpiise, 
carried on through yeais of disappointment, is one- of the 
triumphs of geological science, and offeis a salutaiy t s^on 
to the business man. The Sta^sfuit Potash inelu^ry is now 
a German Government monopolv. 

Mode of Distribution of Stassfurt Deposits.— These de- 
posits are not confined to any particular geological formation, 
but occur from the Pei miau to t he Tettiarv, although t he Stass- 
furt deposits underlie the “ Bunter ” sandstone of the Triassic 
period. The arrangement of the deposits is as follows : — 

Alluvial and Diluvi.il deposits 
Hunter" sandstone— -Ti lassie 
(ivpMim, anhvdute, red clav, cl r 
Newer common salt (Liter formation, oltui l.ickiipj. 
Anhydrite (C\iS 0 4 ) * *• 

" Saizthon " (tfiree layeis, bottom : , •middTh : 

MkO + ALO., , lop: flay eonfainmg p> pel cint. 
Mi’t.Oj) jirotei tine lo\w r d< posits 
( arnallite region 

Kiesente rejpon — " Abiaum” salts (z r \ibovc common 
salt) 

Poly’halite«reyinn 
Oldc r Common Salt. 

Anhydi lie 

Hitummous Sandstone 
Bottom 

Tht\s 5 deposits form part of an enormous salt basin in 
the North German plain, which lias been tapped in other 
places (*.g. at Sperenberg. near Berlin). They were prrAisffily 
not deposited by the normal evaporation of^ea- water, because 
of their great thickness, but by the evaporation of an inland 
lake between ranges of mountains and connected with the 
sea by a bar, over whiuh autumn gales carried sea-water in 
quantities insufficient to replace ’the evaporation. Gypsum 


(ooo-hoo ft thick) 


(50-130 ft . thick) 


(2000 ft ) 
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was first«dcposited, but was converted into anhydrite b<y the 
action of the concentrated brin* (Hoppe-Seyler, 1886), then 
salt, followed by mixtures of NaCl and Epcom salt, I\IgS 0 4 . 
7H2O, forming the polyhalite region, and finally carnallite. 
A geological upheaval then occurred, covering up and pro- 
tecting the deposits with a layer of mud, and allowing tjie 
mother-liquors to run ofi. From a consideration *®f the 
thin layers of anhydrite in the salt beds ol Stassfurt, supposed 
to represent yearly deposits of gypsum, Prcclit (1889) esti- 
mated the peiiod of formation at 10,000 -13,000 years. 

It is significant that extensive deposits of potassium salts 
have, almost without exception, been discovered sooner or 
later in the vicinity of deposits of common salt. This is 
easily understood when the origin of these salts, viz. the 
evaporation bf sea-water, is kept in mind. Thus, the salt 
deposit^ of Stassfurt and of Spain are accompanied by 
carnallite. Is there a similar accumulation of potash lying 
beneath the Cheshire salt beds, or somewhere in their 
vicinity, which only awaits discovery to solve the urgent 
problem' of potash supplies ? It is at least certain that the 
geological conditions of Stassfurt and of Cheshire exhibit 
mguy analogies, and the question is one which seems worthy 
o?«attevtipn. * 

The Stassfurt Potash Industry.-- -The raw material 
is crude carnallite , KCl.MgCl 2 .CH 2 0 (the kainite, K 2 S 0 4 . 
% MgSp 4 . 6 H 2 0 , is not much worked). This, when treated 
witfi water, breaks down to a pasce of 'finely divided KC 1 
mid a mother-liquor containing MgCU with but little KC 1 . 
On heating, the KC 1 dissolves, and is redeposited on cooling in 
larger crystals, which are pure as long as the ratio MgCl 2 /KCl 
does not exceed 3^ In practice the crushed carisakite is 
treated with waste liquors; on cooling 80 per cent, of the 
KCb is, deposited. The mother-liquor 011 evaporation and 
cooling then yields* a crop of carnallite, which is treated again. 
To avoid dissolving other salts ( e.g . NaCl, MgS 0 4 .H 2 0 ) > 
the first, treatment is carried out as rapidly as possible in 
dissolvers of cast iron, egcli provided with a conical bottom 
in which is a conical gauze sieve, through which steam is 
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admitted. The capacity of a dissolver is 350 cu. it\ 50 tons 
of mineral being worked yp in 24 hours. The liquor is 
clarified by settling, and adding a little lime, and is drawn 
off b>a siphon. The residue is leached and is then used for 
filling up old workings lo prevent subsidence. The solution 
i^run into wrought-iron metallizing tanks, 7 ft. by 8 It. by 
4 ft. fitter cooling slowly--- two to thiee da\s— the niother- 
liquof, Vliicli contains oue-lilth of jhe KC1, is sipaiatcd 
from the KC 1 crystals b\ (having it off tluough a plug. The 
crystals are washed with cold, 01 in winter tepid, vfiter 
and centrifuged. The motlu r-li(|iior is fuitliei e\apoiatid in 
boilers, then in vacuum pans, or in pans heated 1/y a central 
flue. The KC 1 is heated in an iion dtum with u volving arms 
carrying ploughshares, crushing lolleis, and dischaiging 
scrapers, or else in Theleii pans. Ciust toii«ation # cannot 
be avoided. 

The manufacture of KC 1 fiom sylvinc (KC 1 ) is very*simple ; 
the salt is recrystallized. 

Van ’t Hoff’s Researches on the Stassfurt Deposits. 

— In the extensive researches of Van '1 Hoff and kis pupils 
on the Stassfurt deposits, the solubilities, vapour pressures, 
etc., of the following sysp ins ware investigated : — 

(1) KC 1 |~MgCl 2 in («) 4)111 e water, and (b) saturated 

NaCl solution. * • * 

(2) KCl+MgCU-j K 2 S0 4 111 the same solvents. # * 

Case (1) (a). — KC 1 and MgCL> in aqueous solution. 

Below — 12° KC 1 4md MgCl 2 . 8 H 2 0 or MgCl,.i 2 ll 2 (5 

separate. Above 167-5° KC 1 and MgCl 2 .4H 2 0 or MgCl 2 .2H 2 Q 
separate. Between the temperature limits - 12° and 167*5° 
qarnallite, KCl.MgCl 2 . 6 H 2 0 , may exist as a solid phase jn 
cont^tavith the solution, and for each intermediate tempera- 
ture there is a certain range of compositions of solutiorto 
from \\hich this double salt alone separates. Thus 

At 25° carnallite separates from a solution — 

iooH 2 0+o' 2KC1+(9*9- io' 5 )Mg(!l 2 

At ioo° carnallite separates from a solution— 

100H 2 O+0'4KCl-)-vi0‘8-i4'2)MgCl 2 
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If carnallite is treated with pure water it breaks up* into 
solid KC 1 and a solution contaiiv’ug KC 1 and MgCl 2 , and if it 
is treated with solutions containing varying, ajnounts of KC 1 
and MgCl 2 the decomposition proceeds to different extents'; 
at each tempt ratlin* there an* solutions with definite ranges 
of jnagnesium chloride content f with which carnallite exists 
unchangi d. Thus at 25°, ;fs we have seen, the solution&are — 

100II0O fo’2KCH- ((p9~io*5)MgCl 2 

iWitli pure water at 25° carnallite deposits 98 per cent, of 
its KOI and leaves the* solution of tin* above composition — 

KCl.MgCl 2 \6lI 2 0 1 4IU) 

---()•( j8KCl | o-i(iooII 2 0-|-(r2KCl+9TjMgCJ 2 ) 

Gin evaporation of the mother-liquor, carnallite alone 
separates until the solution has passed from the composition 
of the limiting solution 100II0O -| o* 2 KC 1 -)«-9 ,( )MgCl 2 to the 
composition of the other limiting solution ioof l 2 0 -f o* 2 KC 1 + 
io^MgCh, at which point magnesium chloride separates 
alpug with the carnallite. 

If to the solution containing magnesium and potassium 
chlorides obtained by the action of water on carnallite mere 
magnesium chloride is added, then potassium chloride 
separates ,*an(1 with sufficient magnesium chloride the-separa- 
tioi? is nearly quantitative. 

Outside the temperature limits -12° and 167-5° other 
•reactions occur. Thus if carnallite alone is heated to 167-5° 
it breaks up with deposition of 75* per cent, of its KC1 as 
follows : — 

< KCl.MgCl 2 .6H 2 0=o75KCl + (MgCl 2 +o-25KCl+6H 2 0) 

On cooling the* liquid MgCl 2 -f o'25KCl-f 6 H 2 0 To* n6° 
St deposits solid carnallite and leaves the liquid MgCl 2 + 
0-25lIQld-6-i8H 2 O. In this way there are obtained* in one 
operation from solkl carnallite — 

75 per cent’, of KC 1 . 

75 pc t r cent, of fused MgCl 2 . 6 H 2 0 containing only 1 per 
cent. KC 1 . 

25 per cent, of unaltered carnallite. 
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If the operation is repeated with the unaltcied carnallite, « 
only 25x0*25— 6-25 per c*nt. of the carnallite is left un- 
changed. # % 

Ffom a mixture of carnallite and MgCl 2 .gH 2 0 at 152*5° 
there is obtained solid KC 1 ;yid the liquid MgCl> ! o'lzKCl ]- 
JjH 2 0. If therefore carnallfte is lirst heated to drive off.one 

moleqyle of water, and is then heifted to 1 52* 5 , the reaction 

• • 

2 (MgCl 2 .KC 1 . 6 H 2 0 ) ■ MgCL KC 1 filf.O l-MgCLKCUIU) 

- o*88KCl T (MgCl 2 I 0T2KCI | 511^)) 

occurs. If now the liquid is mixed with one molecule of 
water and cooled to nh\ practically all the KCl/s deposited 
as carnallite and fused magnesium chloride* is K ft . If these 
two operations are carried out one therefoie obtain^ 88 per 
cent. KC 1 , 88 per cent. fused magnesium •chloiide, and 
12 per cent, unchanged carnallite. By repeating t lye opera- 
tions with this carnallite, only 12/0*12-- 1*44 per cent, 
remains unchanged. 

The behaviour when potassium sulphate* is present is 
more complicated. On evaporation of a solution Containing 
tlje three salts : KC 1 , MgCl 2 , and K 2 S() 4 , those* salts (in- 
cluding double salts)’ separate lirst with respect # to wjiicli 
the solution lirst becomes saturated. Thu^s # at* 25 0 , 
MgS 0 4 . 7 H 2 0 , when no excess of MgCl 2 01 fcJSCb is present. 
By further evaporation the deposition of this salt continues 

until saturation with a second salt is reached,* the ratio of 

•# ♦ 

K 2 S0 4 and MgCl 2 hi the^olution of course remaining constant 
whilst MgS 0 4 7 H 2 0 is separating. The second salt to be 
deposited is the double salt schonite,* K* 2 S 0 4 .Mg v S() 4 . 6 H 2 0 . 
^s soon as a second solid phase separates, one of two things 
maydiappen : — 

(i) The solution njay go on depositing the two salts till* 

it is completely evaporated, e.g. when MgS0 4 .7H 2 (^and 
schonite separate together ; • 

(ii) The separation of the second salt inVolves the dis- 
appearance of the first salt in contact with the solution, 
e.g. when KgSO,* separates after schonite, or MgS 0 4 . 7 H 2 0 
after MgS 0 4 . 6 H 2 0 . 
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A solution of equimolecular amounts of K 2 S0 4 and MgCh 
when evaporated at 25 0 , and th t solids separating removed 
from the solution, deposits the following sa^s^n order : — 

K 2 S 0 4 and sehonite ; 

KC1 and sehonite ; 

fCCl and MgS0 4 .7H 2 0 ; 

KC1 and MgS0 4 .6H 2 0 ;* 

MgvS() 4 .6H 2 0 and eprnalhte ; 

MgvS0 4 .6H 2 0, earnallite, and bischofhte (MgCl 2 .6H 2 0). 

Yhc behaviour of the solutions of the four salts KC1, 
K 2 S0 4 , MgCl 2 , and MgS0 4 saturated in addition with 
common sab, which may be regarded as approaching the 
conditions obtaining during the formation of the Stassfurt 
deposits, is necessarily very complicated. At 25 0 on evapora- 
tion the following salts separate in order 

NaCl ; 

KC1 ; 

Carnal lite, KCl.MgCl 2 .6H 2 0 ; 

Bischoiiite, MgCl 2 .6H 2 () ; 

Magnesium sul])hate hexahydrate, MgvS0 4 .6H 2 0 ; 

Epsom salt, MgS 0 4 7 ll 2 0 ; 

Sehonite, MgS() 4 .K 2 S0 1 .6H 2 0 ; 

•, 6 'asmtc, K 3 Na(S 0 4 ), ; 

Magnesium sihphate pentahydratc, MgSO^HoO ; 

Magnesium sulphate 4 tetrahydrate, MgS0 4 .4lI 2 0 ; 

Thenardile, Na 2 SO t ; 

Astr^chanite, Na 2 S0 4 .MgS0 4 .4H^0. # 

, The salts Na 2 S0 4 .ioH 2 0 (Glauber salt), and MgS0 4 . 
Na 2 S0 4 .2H 2 0 (lowvit), were only formed below and above 
25 0 respectively. 

The actual behaviour of sea water on evaporation is 
complicated by the presence of calcium salts and borates ; 
the influence of these substances was also studied by Van ’t 
Hoff, but for further details the original memoirs must be 
consulted. The whole series of researches is based on the 
Phase Rule, which proved a valuable guide in the laboratory. 
How far such researches could have been carried by a chemist 
unacquainted with the phase rule, and having no guide to 
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the apparently chaotic results obtained 011 evaporating mixed t 
salt Solutions, it is hard to say. The very liteajjre results 
obtained before the problem was taken up by Van 't Hoff 
.would l«eid one *to suppose that little progress could have 
been made by the older methods of technical investigation, 
id which the results and guiofnig principles of modern physical 
diemistry had no place. . 

'ilk* average composition of the Stassfurt deposits, 
according to Bischoff, is as follows : — 


Rock Stilt 

. S5 1 

Sodium chloride 

. « 5 < 

Anhydnte 


I’ota’-sium chloude .. 

1 7 

I > olyh,elitc 

. 0 s 

I’ota^ium sulphate . 

O 2 

Kuserite 

• l t 

Magnesium eliloi lde 

. 2 <> 

Carnalhte 

u 2 

Magiu slum sulphate 

• 1 l 

Magnesium ehloiule 

0 <) 

( ul< 111m sulphate 
Comlaned water 

I <> 

• l 1 


The amounts of sodium chloride and caKaum sulphate 
as given are probably too low. 

By-producfs of the Stassfurt Industry.— 1. Kieserite, 
MgSOj.IHO, is used for making Kpsom salts, MgS0j7H 2 0. 
It is recrystallized from water. 

2. Glauber's salt, N;uS0 4 10II0O, is made to file extent 
of 10,000 tons per annum by Sehccle’s process (1787)— 

iNaCl • MgSO t i 10IU)- MgCk ! Na,S() 4 .ioir 2 0 

* * '< 

Crystal izat ion is caiiied out below in llu-Rubne distuct 
by artificial cold, 111 Stassfuit dining the winter montl*, in 
large wooden vats. 

3. Magnesiunijchloride, MgCU. The final mother-llipiorti 
are evaporated to a boiling point of 157°, and on cooling 
yield a white translucent mass containing about 30 per cent. 
MgCU, which corresponds nearly with the hydrate MgCl 2 . 
bH 2 0. # About 12,000 - ib, 000 toils are made annually tor 
use as a thread lubricant in cotton spinning, in calico weaving, 
for cements, and fof the preparation of magnesia for re- 
fractories and other purposes (see under jMagnesium). 

Boric acid, H 3 B 0 3 . About 300 tons are made 
annually from the mineral Boracite* 2Mg 3 B 8 0 15 .MgCl2, 
occurring in the Stassfurt deposits. • 

5. Potash manures. The* eructe potassium chloride and 
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sulphate -are used directly on the land for manure, especially 
in the cultivation of sugar beet, which takes up much potash 
from the soil (see under Vinassej. 

6. Bromine is made from the final mealier liqilors after 
the magnesium chloride has been separated. These contain 
magnesium bromide, MgBr 2 . '■•.'hey are allowed to trickle 



down a tower filled with earthenware balls (Fig. 63). into a 
tank provided with shelves to promote circulation and 
heated with steam, whilst a current of chlorine gas is passed 
in me opposite direction, and meets the liquid coming down 
the tower. Bromine is set free in the form of vapour — * 

MgBr 2 + Cl 2 =MgCl 2 + Br 2 

The bromine vapour passes out at the top of the tower, 
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and is condensed in a cooling worm, the last traces being 

kepf back by moist iron turnings in a small* tober. The 
bromide of iron formed fn this tower is used to make 
4potas$iii«n bronikle. 

Some bromine is made from the mother-liquor, or 
bittern , of solar salt manufacture by Balard’s process. 
Chlorine is passed in and the liberated bromine shaken* out 
withJjWaffin oil, which dissolves it and floats on the surface. 
The oil is then shaken with a solution of caustic soda, which 
removes the bromine and leaves the parafliu, which is ^ised 
again. The aqueous layer is evaporated and the sodium 
bromide decomposed with manganese dioxide and sulphuric 
acid in retorts, when bromine distils over. ' 

The preparation of bromine from kelp has apparently 
been abandoned. * 

Considerable quantities of bromine are made in America. 
In 1915, the quantity of bromine made in the Ohio River 
district w r as 855,857 lbs. Much bromine is present in the 
Great Salt bake of Utali in the form ot bromides. The 
Amencan competition has resulted in a considerable lower- 
ing in the price of bromine, and is a serious menace to the 
Sfcassfurt monopoly. 

Other Sources of Potassium Salts.-— Brides +hc 
Stassfwrt deposits, important deposits 0$ pot a sium salts 
occur in Alsace and in the north of Spain. 

The Alsatian deposits occur near the forest of Monnc- 
bmek, at tile foot of the now historic Ilartmai jisweilcvkoph 
near Mulhouse. 1 'hey A'ere found in 1904, and arc 1 in two 
layers, the upper 3 ft., and the lower i6£ ft., llrAk. Their 
value is estimated at two thousand million pounds, but they 
are as yet uuworked. These deposits are much richer thdn 
those* a*t Stassfurt, and it may be anticipated that in the 
future they will take -the place of the German monopoly in 
supplying a large proportion of the world’s markets. “ 13 ' 
charge deposits of potassium salts have 4 quite recently 
been discovered at Cardona in the north of vSpain, but have 
apparently been allowed to come under German control. In 
Eastern Galicia deports of sylviive and kainite have been 



28 ft . ' ALKALI INDUSTRY 

‘ i I 

discovered, but they have not been worked on account of the 
competition 'of Stassfurt. Other large deposits have' aiso 
been discovered at Elton Lake, on the Ural-Ruizcn line. 

In America the deposits of Searle’s Lake, ^Nebraska, are 
rich iu potash salts. 

An interesting source of potassium salts is found in the 
funies emitted from blast furnaces and the furnaces of 
cement works. These often contain appreciable amounts 
of potassium salts, and in some steel works, such as the 
Bethlehem Steel Works in Pennsylvania, these salts are now 
recovered by scrubbing the exit gases or by electrical pre- 
cipitation. v Whether more potassium salts could be recovered 
in this way by adding minerals rich in potash but not 
amenable to direct treatment, such as felspar, is an interest- 
ing technical problem. 

Potassium Salts from Felspar.— An almost inex- 
haustible source of potassium salts is found in the primary 
rocks containing potassium silicate, such as felspar. Felspar 
itself is very slowly decomposed by atmospheric moisture 
and carbpn dioxide, but the use of finely ground felspar 
directly as a manure lias proved a failure, although supplies 
are apparently still put on the market by Norwegian firms 
ford|iat purpose. 

Marty Attempts have been made to obtain potassium salts 
economically from felspar, and numerous patents have been 
taken but, but up to the present no successful process seems 
to li'we been discovered. Some of the methods proposed 
are considered below. 

1. Ward and Wynants fritted finely ground felspar with 
lime and fluorspar. The product was lixiviated with water, 
and the potassium silicate extracted decomposed by carbon 
dioxide, when silica and potassium carbonate were obtdined. 

2. Spiller fused the finely ground felspar with a mixture 
ot bar in m sulphate and coal to a glass, and then extracted 
with sulphuric,, acid, when insoluble barium sulphate, wl; ‘.eh 
could be used ove* again, and soluble potassium sulphate 
were formed. 

3. Thompson heated ‘a mixture df 5 parts felspar with 
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5 parts of nitre cake (NaHS0 4 ) and r 8 parts of common 
salt ^o redness for two to Jhree hours. The * residue was 
ground and lixjyiated, and the solution crystallized. The 
reaction teas supposed to consist in the formation of hydio- 
chlorie acid fiom the salt and nitre cake, which with kbpar 
at* a high temperature givcs«potassiuin chloride. This with 
tlTe excess of nitre cake gives n?ore hvdrocl loiic acid and 

§ p ° . 

potasfciiftn sulphate. It u stak'd tlia^ 8 o-qo per cent, of the 
potassium can he so recover ed. 

4 . Herstein fuses felspar with calcium chloiide and ckilk 
in a revolver, when potassium chloride is volatilized and 
cement clinker is left. This process is said ^o produce 
potassium chloiide at a less cost than the Stasstuit salt — 
presumably only if the “ cement. ” is included. 

Potassium Salts.- -Potassium uohomitc i* prepared in 
a variety of ways from the other salts available in larger 
quantities. • 

1. loom KC1 and K 2 vS(), by Ike Leblanc pioeess. In 
i 8 bi Vorster and Gi urn -bug established a woiks at Kalk, 
near Cologne, and other woiks were altetwards eucted in 
Franc*, and Germain, c.g at Croix, neai Lille. The charge 
fod the black -ash process n 100 ]>ai ts KoSOj, 80 qo parts 
of limestone, and 40-50 paits of coal. Hatches of 2\ 5 uwV>. 
of K 2 S0 4 are worked up at a time. KC1 is flYst converted 
into K 2 S0 4 by heating with sulphuric a< id as in the salt-cake 
process. 

2 . From KC1 In; the process of Preeht : — 
3(MgC0 3 .3H 2 0)+2KCl+CO 2 

solid liquid 91-, 


95 °o satin. tU'd 


=2(MgC0 3 .KHCO 3 . l H s 0)+Msa 2 

k o'id liquid • 


Limekiln gas ( 30-^5 per cent. C0 2 ) is used ; the solid 
is separated by suction and boiled with wajer under pressure 
at^o 0 . The following reaction occurs : — • 

2(MgC0 3 KHC0 3 .4H 2 0) =MgC0 3 fK 2 Cb 3 +9H 2 0+C0 2 

solid solid liquid I gas 

Potassium carbonate is used p the manufacture of flint 
V* . IQ 
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glass anti hard glass. Bohemian glass, largely usejl in 
the manufacture of chemical apparatus, is made by fusing 
together 50 parts K 2 C 0 3 , 15 parts lime,* rpid' 100 parts 
powdered quartz. Potash glass is less fusible and*, more 
resistant than ordinal y soda gjpss. Flint glass, which has 
a high refractive index and is ‘used in the construction orf 

r. 

optical instruments, contains lead oxide in additjpn to 
potash. • * 1 

Caustic potash , KOH, is made in various ways — 

r i. By causticizing potassium carbonate with lime, as 
in the usual method for making caustic soda. 

2. By inject roly sis of potassium chloride solution, as in 
the electrolysis of brine. 28,000 tons of electrolytic caustic 
potash weie made 1 in Germany in 1903, and used in the 
manufacture of soft soap, oxalic acid, etc. The power used 
is 2 kw.-hr. per kilo of KOII. The product when required 
pure for laboratory purposes (“ Pure by alcohol ”) is refined 
by dissolving in alcohol and filtering from K2CO3, and 
evaporating in a silver basin. A similar process is used for 
obtaining pine caustic soda. 

3. From potassium sulphate by direct caustilication. 

4 Attempts have been made to obtain caustic potash 
direct 1\' from potassium sulphate (Claussen, 1852) 

K 2 S 0 4 +Ca(OH) 2 =CaS 0 4 +2 KOH 

This avoids preliminary conversion into carbonate, which 
'1, a costly |/' ocess. 

The 1 equilibrium is reached sooner than in the carbonate 
caustilication, and the yields are therefore lower. The reaction 
has been investigated by Heroic! , who by assuming the 
solubilities of the two calcium salts as constant, as they 
are present in the solid phases, obtained the equation of 
equilibrium— c 

> [OH'] 2 __ 

[SO/'] 

analogous to the caustilication equation of p. 77. 

If the dissociation of the calcium salts is assumed to be 
complete, we have — 
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, and <iie»ce — 


[Ca-]=J[OH']=S 1 

[CV-]g=[S0 4 #/ ]-S 2 


|S,3 

S .>2 


K 


201 


• • The results showed tlujt this equation is followed at low 
temperatures, but there were deviations d higher ti*iiipe- 
ratw*j> owing to the appeal anee in the solid pha^e of the 
double salt syngcinte, koSt) t CaS( ^.IIoO. In this case the 
reaction is — 

Ca(OII) 2 : II, 0-1-280," | 2 k* KoSO j.CaSO, I Id) | 2011' 

^olid m Ini 


Hence we have the rcjuation- 

loir 


Ik’FISo 


r 


K ; !k*]~[So/'] 


k 


{oirj 2 

■so 4 "i 4 


Thus with incieahng coma lit ration of potassium sulphate, 
increase of eaiwtilh'alion re suits— exactly the opposite 
result to that ot eurring in dilute solutions. It rvas found best 
to work at low U mpeiatures, say wit 11 a saturated solution 
of potassium sulphate at o°, when 65 pc r cent, conversion is, 
obtained. The re 111 'lining potassium sulphate cai#-. be 
separated by free zing. 

Potassium Bromide and Potassium Iodide. — These; two 
salts are prepaid by very similar methods, in due* case 
bromine and in the othei iodine being used 1 

1. The halogen eh ltient is added to a solution of caustic 
potash, when potassium biomidc or iodide*, and bromafe^)* 
iodate, are formed 

6K0H-t-3Br 2 ==5KBr + KBi03,-i-3lI 2 0 
6K0H+3l 2 =5KI-i-KI0 3 -f3H 2 0 


The solution is cVaporated to dryness, a little c^iar^pal 
is added to facilitate the reduction of tljp bromate dr iodate, 
aVi the whole ignited. Tlie bromide or iodide is extracted 
with water and crystallized. 

2. Bromide or iodide* of iron, prepared by adding the 
halogen element to wate r anck iron turnings, is added to a 



„LKALI INDUSTRY 


292 

boiling solution of potassium carbonate, when hydroxide 
[)f iron is precipitated and the haloid salt remains in solution — 

3Fe d’4Br 2 =Fe 3 Br 8 

Fe 3 Br 8 + 4 K 2 C( ) 3 + 4 II 2 0 -- 8 K B r -| - Fe 3 (OH) 8 +4CO2 

t 

Both potassium bromide and iodide are used in medicine 

Potassium permanganate* KMn() 4 , is obtained by fusing 
together a mixture of caustic potash, potassium chlorate, 
and manganese dioxide. The caustic potash is taken in the 
fonnV>f a saturated solution, and for every ten parts of KOH 
eight paits of manganese dioxide, and seven parts of potas- 
sium chlorat^arc added. The whole is evaporated to dryness, 
and fused till the chlorate is decomposed. The dark green 
mass is lixiviated with water, boiled, and the residue allowed 
to deposit. The liquid is filtered through asbestos aud 
allowed ^0 stand, when crystals of permanganate separate. 
Potassium manganatc is first formed in the fusion, together 
with some permanganate, and the manganatc is converted 
into permanganate by the action of water- - 

2KOII 1-MnOo-l 0 --K 2 Mn 0 4 -|-II 2 0 
3 K0M11O , -f 2II 2 0 = 2 KMn 0 4 TMn( ) 2 4-4 K HO 

;C1k conversion into permanganate is facilitated by 
passing carbon didxide* through the solution. 

Prolonged fusion in a fi.it vessel in presence of air may be 
used instead ^f adding the chlorate. 

P'otaspiiun Chromate and Dichrojnatc.-' -These salts are 
pi:parcd from native ferrous chromite, or chrome-iron ore, 
FeCr 2 0 4 , by tlu* piovcss of Stromeyer, which consists in 
roasting, the finely powdered ore with a mixture of lime^ 
and potassium carbonate in presence of atmospheric oxygen. 
Admixture of 4^ parts of ore, 2f parts of K 2 C 0 3 , and 7 parts 
of. feme is dried and then heated to bright redness wjth an 
oxidizing flame, the mass being constantly stirred. Thy 
mass is lixiviated, and calcium chromate in the solution 
dccothposed by adding potassium sulphate, when calcium 
sulphate & precipitated and potassium chromate remains in 
solution. If dichromate is to be made, the requisite amount 
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of^ulphuiic acid is added and the .solution allowed to cool* 
when the dichromate crystallises out in red crystals. 

% 2 ^e Ci 2 0 ? 4 K 2 CO 3 -)- 7 O — Ke 2 ( ) 3 -f . { K 2 C 1 0 4 - j - 4CO 2 
-* 2K 2 Cr0 4 |-II 2 S0 4 K 2 Cr 2 0 7 + K 2 S 0 4 -|-II 2 0 

Metallic potassium is jjiepaied by cleetiolysis oi caustic 
•potash or by heating the llyoiide or Micoiluomle* with 
alujWkiium. Potassium oxide, K 2 0 , is obtained by heating 
potassium nitiite with potassium-- 

2KX() 2 -j 6K-=4k 2 () j-No 

Magnesium.— Magiu siuni and its salts are piepared 
from the magnesium clilonde by-pioduct ol^'Jie Stassfuit 
industry (see p 2S5). 

Metallic magiusium is piepaied electiolvtically from 
carnallite at the lb mling* 11 Woiks at Bieiiicn, aiul a small 
amount at Giiesluun. The salt, hisul at a tempeiature 
a little abovi* its mell mg-pomt in a steel <m iieiT)U i which 
acts as the cathode, is electrolyzed by a cm rent of 1000 
amps, per sq. metre at 7-8 volts, with a carbon anode. The 
anode is surrounded by a porcelain tube and 'chlorine is 
led off. Dining the fusion and 1 lectiolysis a mixture of 
sodium and potassium chlorides is added so tin 1 * tbe 
position is constantly — 

qr-GMgClo I-32 6KCI [-^GGNaCl 

Small spheres of nu tal sipaiatc, which au f melted 
together in a crucible with or without a tlux^‘ and a%t jaito 
bars. 

InAmciica an alloy ol magnesium and«ahiminium isTfr^t 
prepared, and the magnesium then separated by distillation. 

Magnesium is used as a source of light £01 special purposes, 
such as in photography, as a reducing Igent in the prepara- 
tion of boron, etc., mixed with barium peroxide for initiating 
therftiite charges, and in the preparation of organo-TridtSdlic 
impounds in the Grignard reaction. An ajloy of 10-20 per 
cent, magnesium and 80-90 per ceat. aluminium, forms, 
Magnalium, which is very tougli and light. f The con- 
sumption of magnesium is comparatively small. 
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« Magnesium Salts. — The preparation and uses of mag- 
nesium chloride, which forms the usual starting-point in th£ 
preparation of magnesium salts, have been described already 
(p. 285 ). 

If a solution of magnesium chloride is precipitated with 
sodium carbonate, magnesia alba Icvis, 4 MgC 0 3 .Mg( 0 H) 2 .* * 
5H 2 0, is formed, which on drying at a low temperature forms * 
a voluminous white powtjer. When this is heated with # vvater 
to ioo°, magnesia alba ponderosa, MgC0 3 .Mg(0H) 2 .4H 2 0, 
whielt. is much denser, is formed, and if this is heated to 
300 ° calcined magnesia, or magnesium oxide, is left. These 
three produces are used in medicine, and the oxide is used 
in making reiractory bricks for lining Bessemer converters 
for the basic steel process. Magnesia bricks are made from 
dead-burht magnesite, or native magnesium carbonate, 
which is crushed and mixul with sufficient gently calcined 
magnesite' to give the mass a plastic consistency. The 
bricks are lire d at a red heat. Materials are also made from 
magnesia fused in the electiic furnace similarly to silica. 
Magnesia i used together with zirconia and other iare 
earths in the pic para tion of rods for the Nmist lamp. 

• Magnesia alba is also prepared from bittern, or tlu? 
residiLQ, of * solar salt manufacture, by precipitating the 
hydroxide, *l\Ig(6I£) 2 , frith lime and then passing carbon 
dioxide until the magnesium carbonate lirst produced is 
redissolved in the form of the bicarbonate. When the 
solTitid'h is heaVed to the boiling pointy mag/iesia alba is pre- 
cipitated. ’ 

* Magnesium sn'lpkatg is usually prepared from kieserite 
by lixiviating out the chlorides of magnesium and sodium 
with' cold water in tanks on sieves, through whicjfi the * 
kieserite falls in a line powder. This is packed in moulds, 
when, it solidifies to a mass of MgS0 4 / bound together by 
Mg^b 4 .6H 2 0, and contains 80-90 per cent. Mg v S0 4 . This 
is ground and sold. If recrystallized from water it fonts’ 

* Epsom salts, MgS0 4 7H 2 0. Magnesium sulphate is used 
in medicinct and as a warp-sizing in cotton spinning. 

Magnesium peroxide in! an impure \orm is obtained by 
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precipitating a solution of magnesium cTrloride or- sulpliatt 
wit if sodium peroxide. It is used as a mild •antiseptic ii 
tooth-powders, etc. 

Lithium.— jftithium salts uric discovered in 1817 h\ 
Arfvedson, and the metal was isolated in 1855 by Bunsen aiu 
.Malthiessen, who electrolysed the fused chloride in an iioi 
Crucible with a caibon anode an^l iion cathode. 

ijftfeium occurs in small (piantities in siliceous rock? 
composed of silica, alumina, and alkali metals, notably ii 
lepidoliic , 01 htliia-miea, petahte , spodumenc, and triplicate 
which contain irom j to b pci cent. LF ( ). The lithium -alts 
are extracted fiom these minei.ds in vaiimis wavs 

(1) Fusion with baiium caibonate and sulphate, when 

baiium silicate and the sulphates of the alkali- 
nu tills are produced. The solution in ’ # \ater h 
precipitated with baiium chloiide, and the alkali- 
chlorides 111 the liltrate tvajioiated to diy#iess and 
treated with a mixture of absolute alcohol and 
ether, in winch only lithium chloiide, LiCl, dissolves 
(Troost). 

[2) Digestion of the finely powdeied mineral wit h con- 

centrated hydimhloiie or sulphuric acid. Silica 
is renderul insoluble, and the solution# alter 
ipitatiou with softium carlyma^e io 1 
alumina, magmsia, etc., is concentrated by evapo- 
ration, and lithium carbonate , J,i 2 C0 3 , precipitated 
with sodium carbonate. 

Lithium salts also dteur in ladioactive minerals' such as 

carnotite, in sea watei, and in the wateis 4 A many mirfFfti 

. 

-Clifford spring, near 

•Redruth in Cornwall), and in plant ashes. # •• 

Lithium hydroxide , LiOII, is preparedly boiling a solution 
^of lithium carbonate with lime or baryta. It is a strong 
alkali? It crystallizes from dilute alcohol as LiOII. H 2 t). 

^ Lithium chloride below 15 0 forms a lfydr^ite, LiC1.2H 2 0 ; 
above 15° it crystallizes anhydrous. It js very deliquescent. 

Lithium sulphate , Lio80 4 . is soluble in alcohol and in 
water. 
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Lithium carbonate, IA2CO3, is insoluble in absolute alcohol, 
and only' sparingly soluble in water, being more soluble in 
the cold. It dissolves in a solution of carbon fiioxfde, forming 
a bicarbonate LiHC 0 3 . The commercial carbonath usually 
contains about 98*5 per cent. L^COs. Organic lithium 
salts (e.g. lithium salicylate) are used in pharmacy, as a cure 
for gout and other complaints. 

Salts of caesium a\id rubidium are exceedingly* scftrce, 
and are not prepared industrially. 
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Carves cake oven, 185 
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Castncr sodium process, 90 
Castncr-Kellncr cell, 107 
Catalyst, 45,119, 227, 263 
Causticity, 5 
Caustic potash, 289 
soda, 74, 93 

Ctfustification, theory of, 70, 290 
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Hussner coke-oven, 185 
Hydrochloric acid, 66, 161 
Hydrogen, 217 
Hydroxyl, 6 

Indigo, 267 
Iodides, 291 
Iodine, 275 
" Ironac," 32 

K^inite, 280 

Kaiser’s process for ammonia oxida- 
tion* 233, 236 

Kellner h /pochlonte cc 11, 1 29 
Kelp, 273, 274 % 

Kessler cdncentration apparatus, 31 
K^gtncr vacuum evaporators, 76 
Kieserite, 285 
Kiln.THaus, 80 
lime, 89 

coke-oven, 185 

Leblanc process, 61, 82, 28? 


| Lepidohte, 295 
1 Leucite, 273 , ♦ 

Lift, lor acids, etc., 24, 246, 258 
Lignite, 190 
Lime, kiln, 89 
slakers, 127 
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Nitric acid, concentiation of, 254, 
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rate ol founation and decom- 
position of, 1G5 
Nitrides, 181/206 
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